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THE DEPENDENCE OF THE MAGNUS FORCE AND MOMENT ON 
THE NOSE SHAPE OF CYLINDRICAL BODIES OF FINENESS 

RATIO 5 AT A MACH NUMBER OF 1.75 

INTRODUCTION 

1.  In the continuing task of providing accurate prediction of missile 
stability, ballisticians have concentrated, in recent years, on obtaining 
more reliable measurements of the aerodynamic stability derivatives. Two 
of these derivatives are the Magnus force and the Magnus moment derivatives. 
These derivatives are due to forces and moments which appear when the body 
is spinning and at an angle of attack with the relative wind. These forces 
and moments are, in genera..., considerably smaller than the static aerodynamic 
forces and moments, and are far more difficult to measure.  Formerly, these 
derivatives were obtained cnly from \,he free flight ballistics ranges, but 
with the development c^ new and specialized i.strumentation, the wind-tunnel 
facility at the Naval Ordrarce laboratory has successfully completed a series 
of Magnus measurements. Th...s report presents the resulcs of one part of the 
overall program o-*" Magr is meaaurement in the wind tunnels. 
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List of Symbols 

free-stream s^eed of sound ft./ssc. '' ^i/T" d) 

speed of sound at stagnation conditions ft./sec.  ( « l/yRT0') 

coefficient reference area ft.  ( =1TD2A) 

data reduction constant (see Appendix) 

data reduction constant (see Appendix) 

data redui *-,ion constant (see Appendix) 

data reduction constant (see Appendix) 

side force coefficient, non-dimensional ( = Y/qA) 

yawing moment coefficient, non-dimensional ( = J^/qAD) 

Magnus force coefficient, non-dlmenslonal (d/da) (CySV/pD) 

I* Magnus moment coefficient, non-dlmenslonal (d/dx) (Cz^ev/pD) 

D     body diameter (0.25 ft.) 

Cj    forward yaw strain gage constant (in.lbs./chart division) 
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List of Symbols (Cont'd) 

aft yaw strain-gage constant (inch lbs./chart division) 

nose length (0.5 ft.) 

forward yaw gage chart reading under load (chart divisions) 

forward yaw gage chart reading under no load (chart divisions) 

aft yaw gage chart reading under load (chart divisions) 

aft yaw gage chart reading under no load (chart divisions) 

overall body length (1.25 ft.) 

free stream Mach number (M = 1.75) 

rotational velocity radians/sec. 

free stream static pressure lbs./ft. 

/    2 free stream rest or stagnation pressure    lbs./ft. 

free stream dynamic pressure    lbs./ft.     ( TSWrfe   ) 

body radius    (0^25 ft.) 

gas constant (1716 ft?/sec? 0R) 

free-stream Reynolds number leased on model length computed by 
Sutherland formula, non-dimensional (5-5 million) 

free stream static tempex-ature, degrees Ranklne 

free stream total temperature, degrees Banklne 

free stream air velocity, ft./sec. 

axial distance from the model nose, ft. 

axial distance from the model nose of the forward yaw gage 
electrical center, ft. 

axial distance from the model nose of the aft yaw gage 
electrical center, ft. 

axial distance from the model nose of the Center of Gravity, 

(3.80 ft.) 

5 
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List of Symbols (Cont'd) 

y      lateral coordinate, ft. 

Y side force, lbs. 

<* angle of attack, degrees or radians 

"l indicated angle of attack, degrees 

o ratio of specific heats, non-dimenslcnal (1.1+) 

s probable error notation 

"^ yaving moment, inch lbs. 

F 

i 

*r 
T 

a 

P 

e 

Ballistic Magnus Coefficient Symbols 

Magnus force, lbs, 

90 degree rotation vector 

Ballistic Magnus Force Coefficient, non-dimensional 

Ballistic Magnus Moment Coefficient, non-dimensional 

Magnus moment, ft. lbs. 

pitch angle, degrees or radians 

yav angle, degrees or radians 

complex yaw angle degrees or radians, (= ct + i A) 

free stream air density, lb.sec?/ft^ 

Historical Sketch of the Magnus Phenomenon 

2. mtffoughwt this report the terms, "Magnus force and Magnus moment", 
or, Mae^us CiÄTö.cteriBtics", are extensively used, and as a concession 
to brevity they may sometimes be referred to simpOy as "Magnus." 

3. In the search for material on the history of Magnus the author vas 
unable m some instances, to study "first sources" for their substance 
When this occurred, it vas necessary to rely on the reports and comments 
of those authors who were fortunate enough to have access to them. 

k. The ''Magnus" effect is that aerodynamic phenomenon that describes the 
fact that a two dimensional or three dimensional body rotating in a cross 
flow experiences a lift force at right angles to the flow. The effects of 
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this phenomenon have been observed for many years vlth the earliest reports 
occurring in the seventeenth century. G. T. Walker (reference a) states 
that the first observations of the effects of Magnus were made in 1671 when 
it was noted that the path of a "cut" tennis ball or a "sliced" golf ball 
described a curve. Sir Isacc Newton was aware of this fact (reference b). 
The effect was later observed by artill -Ists in the deflected trajectories 
of cannon balls. B. Robins (references  and d) also contended that the 
curved flight of cannon balls was due to >otation.  In the early nineteenth 
century artillerists began to experiment to explain these erratic trajec- 
tories by eccentrically weighting the cannon balls, and by inserting the 
cannon balls into the cannon with the center of gravity of the ball in some 
preferred position, the resulting trajectory was curved in that direction. 
The great French mathematician, Poisson, demonstrated in 183° that the deflec- 
tions could not be explained by the increased air friction on one side of the 
rotatirg ball as was popularly supposed at that time (reference e). Around 
j.850, about the time that the spiral bore gun was being introduced, the Berlin 
physicist. Professor G. Magnus was presented with the problem. He then pro- 
ceeded with a series of experiments that conclusively proved the exietenc . 
of a "Magnus" force and also made some original observations of the flow 
around bodies (reference f). Professor Magnus did not actually measure a 
Magnus force, but simply showed that one did exlat and, in the light of his 
other observations, was able to show ".hat this force could be explained by 
the fluid flaw equation of D*n:.*»l Bernoulli. In 1877 Lord Rayleigh, (refer- 
ence g) utilizing Improvements in potential flow theory by Helmholtz, 
Sir William Thoapsoa anfl others, -«-as able to foraulate a iflathematical flow 
picture of a rotating cylinder in a -dform stream and to compute a Magnus 
fore;-  This classical two-dimenslorrl caleu7.atlon, t'.e superposition of a 
uniform parallel potential flow and a circulation flow, may still be foumJ 
in theoretical hydrodynamic textbooks of the present day (references h i, 
and j). Rayleigh, however, cautioned than; while his potential flow construc- 
tion yielded a substantially correct, flow representatl^, a treatment of the 
raal flow case must take In^c coaaia«mtiem the effscv cf the viscous flow 
at the surface of the cylinder as the connective link bt^-een the circulation 
of the body and the free stream. Re Insisted that the r^l case must obey 
Sir William Thompson's propoeition that "circulation la %  r^al fluid Is 
impossible without viscosity." 

5. The first quantitative measurements of a Magnus force were made by 
Lafay (references k and 1) in wind-tunnel tests early in the twentieth 
century. Lafay measured the Magnus force on a rotating cylinder In a 
crossflow, but due to the short length of his cylinder, he was unable to 
attain the large forces predicted by Rayleigh. Shortly after World War I 
a group of British ballisticians introduced the effects of Magnus into a 
new treatment of the dynamical behavior of rotating projectiles (refer- 
ences m and n). These men, aware of the existence of Magnus, had no 
knowledge of the magnitude of the Magnus force on a three-dimensional 
body and therefore they could arrive at no conclusions regarding the 
importance of Magnus on the free-flight behavior of projectiles. Never- 
theless, they included Magnus in their work for the sake of completeness 
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In 1923 Ackeret (reference o) made the first significant Magnus measure- 
ments In the vind tunnels at GottIngen, Germany. Using a new high-speed 
electric motor to rotate a cylinder in the vindstream. Ackeret originally 
measured forces not much greater than those measured by Lafay. The small 
increase in force vss due to the fact that Ackeret used a cylinder With a 
higher length to diameter ratio than that used by Lafäy. Ackeret also 
noticed in his early experiments that there was a strong "end" effect which 
prevented his cylinder from developing the maximum Magnus force on all but 
the innermost portion of the cylinder. When, at L. Prandtl's suggestions. 
Ackeret terminated his cylinder with large end discs, he was able to attain 
Magnus forces approaching those predicted by the theory. Ackeret's measure- 
ments also showed that although the Magnus (or lift) forces attainable with 
a rotating cylinder were large, the drag of the cylinder was correspondingly 
large. The resulting lift to drag ratio of the rotating cylinder was sub- 
stantially lower than those that could be obtained with the better airfoils 
of ths day, so it appeared that use of a rotating cylinder as a means of 
aerodynamic sustentaticn was not very practical. However, at that time 
Anton Flettner, a German shipping magnate, was financing experiments at 
GBttingen to ascertain the feasibility of replacing the sails on his shipping 
vessels with more efficient airfoils, and upon hearing of the large forces 
developed by the rotating cylinder, conceived the idea of using the cylinders 
to replace the sails (reference p). This idea was highly publicized and 
discussed in papers by the foremost aerodynamicists at Göttingen; namely, 
Betz, Prandtl, and Ackeret (references q, r, and s), and aroused interest 
and criticism both on the Continent and in the United States (references t 
and u). Flettner proceeded to convert two of his ships into "rotorships" 
to prove the practicality of his idea. The tests of the ships indicated 
that the rotors did produce large forces, but the project was abandoned 
probably due to the fact that the rotorships were still required to tack 
in much the same manner as sailing ships.  Consequently, even if the linear 
speed was high, the point-to-point speed was substantially reduced by the 
tacking. The rotorship, it appears, was not an aerodynamic failure but a 
transportatlonal failure; however, there were papers as late as 1929 denoun- 
cing it as a misconception of aerodynamic theory (reference v). Shortly 
after Ackeret's measurements there was another similar test conducted in 
the United States by E. G. Raid which essentially checked Ackeret's results 
(reference w). 

6.  In 192^ a series of tests was conducted in Holland that attempted to 
unite the large lift of a rotating cylinder with the low drag of a conven- 
tional airfoil (references x, y, and z). These tests consisted of force 
measurements in a wind tunnel using a wing with a rotating cylinder fitted 
into the leading edge. These tests were not conclusive, the configuration 
being a poor airfoil shape when the cylinder was not rotated and an ineffec- 
tive rotor when the cylinder was rotated. The boundary layer surveys that 
were taken in these tests did reveal that energy could be Imparted to the 
boundary layer, and separation retarded, by rotating the cylinder. About 
this time Prandtl and Tietjens (reference a.l) were obtaining excellent 
pictures of the flow about rotating and non-rotating cylinders which photo- 
graphically revealed the differences between real fluid flow.and ideal 
fluid flow. 

: 
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7. In 19hh  new criteria for the dynamic stability of spinning projectiles 
were advanced by Kelley and McShane which placed greater emphasis on the 
aerodynamic characteristics of the projectile (reference a.2). About this 
time the free-flight ballistic ranges were constructed at Aberdeen Proving 
Ground, Maryland which produced time-position-attitude histories of gun- 
launched projectiles with unprecedented accuracy. These new precise measure- 
meats made it possible to determine the Magnus characteristics of projectiles 
from their freeflight bahavior (reference a.3). Most of this work dealt with 
security-classified projects and cannot be mentioned here. A few years later 
the first wind-tunnel Magnus force measurements on three dimensional bodies 
were undertaken at low subsonic speeds, but even up to the present time there 
have been only a few such tests. 

8, The new quantitative maasurementE of the Magnus force and moments 
probably stimulated the davelopment of the first theory of Magnus for a 
three dimensional body. Martin (reference a,.h),  in 1953, devised a "distorted 
body" theory in which the distortion of the boundary layer (due to angle of 
attack and body rotation) produced a new "effective" body shape which is not 
symmetrical in the yaw plane. On the basis of the new shape, a side force 
can then be computed by linearised potential flow. Kelley corrected and added 
to Martin's work (reference a.5). This present theory, the only one in exis- 
tence, is severely limited in its proper application in that it should only 
be used for a long body with a laminar boundary layer at small angles of 
attack in subsonic incompressible flow. 

) 

9. For more than two years the Naval Ordnance Laboratory has been performing 
wind-tunnel Magnus measurement tests at both subsonic and supersonic speeds. 

Introduction to the Problems of Wind Tunnel Magnus Measurement 

10. This introduction is intended to present a background to the problems 
that occurred with the undertaking of Magnus measurement in the NOL wind 
tunnels, and to present some of the possible solutions that appeared. It 
should serve to indicate how the development of the test technique and the 
test instrumentation took place with each bit of experience gained up to 
the preöent time. 

I 

11. Recent aeroballistic studies, which have more accurately evaluated the 
importance of the Magnus effect on the dynamic stability of spinning missiles, 
have eraphaslaed the necessity of obtaining reliable Magnus-force measurements. 
Since about 19kk  ballistic ranges were the only facilities working on this 
problem until around 1951 when the first wind-tunnel Magnus measurement 
activity began.  It was quite natural to Introduce this problem into the 
wind tunnel, because of the fine control of the flight variables possible. 
Also, the reliability of a set of data would be established if the measure- 
ments could be reproduced by another facility employing a widely different 
experimental procedure. 

12. Since the free flight ballistics ranges had been actively engaged in 
the problem of measuring supersonic Magnus forces and moments for some 
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time before the wind tunnel undertook the prohlern, it vas therefore logical 
to examine their test results for some indication of the magnitude of the 
Magnus force. Some of thc-xr results indicated that the ballistic Magnus 
force coefficient, IC, could be as small as l/2§th to l/koth  the ballistic 
normal force coefficient, &, (see list cf symbols and reference a.6) for 
these definitions). These ballistic coefficients are actually coefficient 
slopes in the usual aerodynamic sense and are similar to the ordinary aero-' 
dynamic stability derivatives. These ratios indicated that for many flight 
conditions there may often be greater than one order of magnitude difference 
in the actual forces. It should also be mentioned at this point that these" 
ballistic range results were obtained for projectiles with high rotational 
velocities, having been fired from standard guns (guns with spiral bores that 
made one complete rotation as the projectile advanced between 20 to ho  body 
diameters down the gun barrel) or from a high-twist gun (a gun with a spiral 
bore that made one rotation in ten to twenty diameters of projectile advance). 
It was also apparent that if the wind-tunnel instrumentation could not produce 
the high rotational speeds necessary to duplicate the advance ratios produced 
by the range firings, then the Magnus forces in the wind tunnel would be even 
smaller (for the same size projectile) then those developed in the range. 

13. Thus, the initial requirements of the wind-tunnel instrumentation were 
established. These requirements vere: 

1. an electrical strain-gage balance sufficiently &orong in the pitch 
plane to withstand the strong normal forces, yet sufficiently weak in the 
yaw plane to be sensitive to the small Magnus forces. 

2. a rotational motive source small enough to put inside a vind- 
tunnel model vith sufficient power to rotate the model to the high spin 
rates necessary to duplicate the advance ratios of gun-launched projectiles. 
An idea of these spin rates may be obtained from Figure 1 which shows the 
spin rates required in the wind tunnel to duplicate the advance ratio of a 
1 in 20 gun, for various size models, and for Mach numbers up to five. 

1^. In addition to these two major problems of instrumentation there was 
the problem of how to best perform the tests. The most straightforward 
way Trfas to take data with all the test variables constant; namely, the 
Mach number, the angle of attack, and the rotational velocity. Since there 
were only fixed supersonic Mach numbers available for testing, the other 
two variables were of more concern. They could both be held constant and 
data taken, or one of them could be allowed to vary while data was recorded 
continuously. For the first exploratory tests the former method was used. 
This method proved much too slow and unrewarding and indicated the necessity 
of adopting one of the latter methods. 

15. The statement of the two major instrumentational problems given above 
is overly simplified. Some of the other attendent problems were as follows. 
The strain gage balance could not be the usual type of balance but would 
require major modifications since it had to carry some sort of power to the 
spin motor, and since the motor had to be housed within the model, the bal^r 
ance sections were required to be located externally, behind the model. 



m¥OED Report kh25 

This type of balance required a vindshleld to protect it from free stream 
air loads. The spin motor vas required to have bearings that could endure 
both the high rotational speeds and the high radial loadings of the normal 
forces for sufficient lengths of time^ without failure, to allow the data 
to be taken without frequent interruptions. The motor had to be such that 
it produced no "interference" or false reading of the electrical strain-gage 
balance. Since the models were of substantial length, the problem of dynamical 
or three-dimensional balance was critical, especially at the higher speeds. 
Good motor speed control and regulation was also desirable but it appeared 
unlikely that such would be the characteristics of motors of this size oper- 
ating at such high speeds. Tl s, more substantially, was the nature of the 
problem. 

16. The very first attempts to perform Magnus measurements on spinning 
models were done at low subsonic speeds using commercially-available 
electric motors. The electric motors were mounted between the sting and 
the model in the simplest mechanical arrangement possible, the rotor being 
fastened to the sting and case attached to the model shell. The case and 
the model shell were then the rotating parts of the system.  Subsequent 
tests were also attempted at supersonic speeds with electric motors but in 
both instances the data was bad. Several types of electrical motors vere 
tried during this period but were found to be unsatisfactory due to the 
following reasons either singly or in combination: 

1. the maximum spin rates attainable were insufficient to duplicate 
the advance ratios of gun-launched projectiles, 

2. the heavy rotating parts of these motors had dynamical unbalances 
which excited strong vibrations in the entire model-balance-sting system 
rendering the force measurement system ineffective, and 

3. speed regulation and control was poor. 
) 

17. The unsatisfactory performance of the available electric motors made 
it necessary to turn to some other kind of rotational power and the next 
most logical motor was em air turbine motor. Air turbine motors were known 
to have attained high rotational speeds in such applications as grinder 
motors, and could be built in very small sizes. The first type of turbine 
designed and constructed for Magnus models was the one described in reference 
(a.7). This type of air turbine was designed to exhaust the turbine air into 
the tunnel free-stream air at the rear of the sting, because at this time it 
was not known if there would be any aerodynamic interference on the model if 
this "external" air was dumped into the airstream near the model. Thus, the 
turbine supply air had to be introduced to the turbine through the sting and 
the exhaust air from the turbine also had to be carried out through the sting. 
This meant that the turbine had to be completely enclosed and airtight, and 
the sting had to have two air passages. This air turbine was built for a 
small finned model and was tried in the wind tunnel. This test was not successful 
due to the low torque of the motor being unable to overcome the toitjue of the 
canted fins in the airstream, and the smallness of the model provided no appre- 
ciable Magnus force. 

) 

I 
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18.    A .uch simpler type of turbine vhich vented t.e -^ ^u^^ 
the base of the model vas then de^ßed J° ^f .^ hU rotational speed 
The turbine vas allowed to power ^«^^f^rted (see ascription of 
before the intermittent wind t^^^^Has tSn cut off and as the 
Vix^ Tunnel section).    The air to f «^^^iS^el blow was started, 
model's rotational speed began to JJf^' f^^onal speed decayed.    This 
Data was continuously recoraed as th. jodel ^^own^hat the effect of re- 
technique was employed ^ause it ^° ^) ^ of the model's base, was on 
leasing the exhaust air (fr°n *he^^ °f tSe existence of such an effect 
the external aerodynamics of f8^?^' ,^^2 was coasting down from 
was investigated by ^^^„fSi^aS blST-Stt^ from the model 
some initially high BP^/vith^°T?

XS^eJ"    to some high speed (with air 
base)  ^^^tb« ^Q\nas ^StSt ?he?e was no measureable differ- 
coming out of the t^'1I

i* ^"„rllchniaue was also slow and unproductive 
ence in the data.    This  "coasting    ^^Herv slowly necessitating several 
because the model 'o^^^^^^rSeä ?ILe      Se "power up" technique, 
vind tunnel blows to ^ «^g^J^J^^. -hiS could not be 
it was also learned, had Bev®r*l ^°^a"     faet that the turbine's power 
ignored.    Thees advantages ^^.^^el blow because the back pres.ure 
was greatly Increased during the ^ind:^ei°^re    011w a few millimeters 

vas substantially increased. 

19.    The early exploratory tests  indicated ^^T^^^lTl^ some of the inBtrumentatioml require^nts u^o the pre ensionai 

learned, for instance, that ^«f ^f^fitf J^e test data seems to be 
balance cannot be overstressed as J^^^^^atlon and unbalance, 
directly related to the degree of ^ff^r^oS^ vhich produced larger 
Another fact that was learned, was t^J^1!~°!    ' ln rates to duplicate 
and more easily measurable forces    ^^f^^^^Stted the construction 
the advance ratios of ^-^ch^ .^^y^rfes while still retaining 
of balances which were more *ef "/v° ^f ^J**/ 
the strength in pitch to resist the normal forces. 

20.    One piece of in-rumentati^that ^^^^^^^^'SS^, 
vas gained was the strain-gage ^^^'^^f^ sensitivity to small 
It wfs learned that they ^^^f ^also shSed that they were 
steady state forces,  and the ^"^i^rces on the model due to air- 
sensitive to the 8^11^luc^t^enSaf LSov^en? that was made on the 
stream fluctuations.    ThV^TSem wSTlow natural frequencies.    This 

ÄTfo ÄS Te ^SSt^S ^ifreq^c
s
y re80ffince8 vhich 

^ght seriously damage the bearings or rotating parts. 

21. The ma.or changes that occurred in the ^in-fage^ut instrumen- 

tation was the incorporation of ^Jl'^'J^tio^ with either spin or 

riforssr^re O
LZ ^nr« AC ^ a Dc ^.^ sVB^. 
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Originally a IfOO cycle AC voltage vas ueed to power the strain gages, but 
SSSJTS Period ihen electric motors vere being trie<i as ^ ^" ^ 
rrtaticmi power, it was discovered that the electrical power fed to the 
^tor w^d^aus; erratic readings of the strain gages, %^*%n*W* 
hOO  cycles per second. This was serious enough to warrant the change to 
a DC power source for the strain gages. 

22. The instrumentation in use at the present time is fully discussed 
later in the section on instrumentation, and the techniques employed are 
more fully described in the section on test technique. 

* 

Objectives of the Test 

23.    The basic objective of the tests was to obtain experimental data on 
He SlcTof the nose shape on the Magnus characteristics of cylindrical 
bodies of fineness ratio five.    It was desirable to know of such an effect, 
because it might aid in the design of projectiles with higher W«^J. 
dJLmlc stability.    Since the Magnus moment always contributes • «*»**"£•    . 
izin« effect to the dynamical behav^r of spinning projectiles  (bodies alone), 
if ^uS be advantageSTto be able to design projectiles to f^e no Magnus 
moment.    Blimlnation of the Jfe^us moment would be even more ^^f "^ " 
could be accomplished by some snail conf igurational chsnge, such as a small 
change in ogival radius. 

2h     Another objective of these tests was to try to determine,  if possible, 
v^t tgefmctlonal variation of the Magnus characteristics ""Jfl^LSf 
SSa of attack was.    The last objective of these tests was to ^f« *a** 
^the same configuration by two different wind-tunnel techniques, to check 
the data. 

25 The utilization of the constant spin-variable angla of attack technique 
was attempted for additional reasons.    This procedure would more closely 
duplicate the actual motion of a projectile, and would provide continuous 
foresees through zero degrees ar^le of attack, where the force vanishes. 

26 The outcome of the attempt to utilize the constant spin-variable angle- 
of attack technique was completely dependent on the degree of success of the 
fe^oTpeeTcSol-s operation, since another objective of the tests was to 
determine the operational characteristics of the unit in controlling the 
model's rotational speed. 

27.    The five caliber long bodies were chosen because it might be «cpected 
that the effect of nose shape would be more pronounced on a short body than 
on a long body. 

■ jP 
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Description of NOL kO x kO  cm Aeroballistics Tunnel No. 1 

28. These tests were performed In the NOL hO  x kO  cm Aerohalllstlcs Tunnel 
No. 1, an open Jet, Intermittent, blov-down tunnel. It should more correctly 
be called a "suck down" or "indraft" tunnel since it utilizes the pressure 
difference between the atmosphere and the "vacuum" of a storage sphere. The 
storage sphere is continuously evacuated by a set of three Demag sliding vane 
pumps which are automatically switched between parallel and series-parallel 
operation to minimize the pump down time. The tunnel can be operated over a 
range of fixed supersonic Mach numbers from 1.22 to 5.0 by inserting sets of 
nozzle blocks. The test section is an open Jet in that the nozzle blocks and 
their side walls are enclosed in a small plenum chamber and the actual testing 
region is a space of uniform flow described by a wedge upstream of the nozzle 
exit and a pyramid down-stream of the nozzle exit. Downstream of the teat 
section is an adjustable diffuser, designed to be set (in opening) to achieve 
the optimum pressure recovery in order to attain the longest blowing time. 
Located immediately behind the adjustable diffuser is a "fast acting" Polte 
valve which controls the starting and stopping of the tunnel. Blow times as 
long as kO  seconds at M = 3.2h  can be obtained. A silica gel air dryer dries 
the air before it reaches the test section and is regenerated by auxiliary 
equipment when the tunnel is now blowing. A "cutaway" view of the supersonic 
wind-tunnel building can be seen in Figure 2 and a more complete description 
of the wind-tunnel facility can be found in reference (a.8). 

Test Instrumentation 

29. The test Instrumentation, not including the models, can be broken down 
into five individual units, namely, the air "coaster" turbine motor, the 
external electric strain gage balance, the strain gage readout system, the 
frequency console, and the serv^-speed control. 

30. The air "coaster" turbine derives its name from the fact that it was 
designed to be used to "power" up the model to some high rotational speed 
before the wind-tunnel blow commenced and then allowed to "coast" down to 
zero rotational speed during the blow.  In this way any effect of the air- 
flow, required to power the turbine, on the strain gage balance would be 
avoided. This type of operation would also permit the exhaustion of the 
turbine air out of the base of the model. However, when it was learned 
that the decay in rotational speed during "coast down" was small, thus 
requiring several blows to cover the entire speed range, and that there 
was no noticeable effect of the turbine air on the strain gage balance, 
the "power up" of the model during the wind-tunnel blow was found to be 
more satisfactory (for several reasons discussed in the section on Introduc- 
tion to the Problems of Wind-Tunnel Magnus Measurements). The construction 
of the air turbine can be seen in Figures 3 and 4. The turbine nozzle box 
is fixed on the stationary hollow sting while the turbine wheel is attached 
to the model shell. The air to power the turbine comes through the hollow 
sting to the nozzle box, passes through the nozzles, by the turbine blades 
and finally, out the base of the model. 

11 



NAVOKD Report kk25 

31. The turbine's rotatj.onal.speed is indicated "by the frequency of the 
sine wave generated hy  a small vire coil, mounted on the stationary turbine 
shaft, under the influence of a ring magnet attached to, and rotating vith, 
the model shell. 

32. The electric strain-gage balance used in these tests is similar to most 
pitch or yaw strain-gage balances with the single exception that it had to 
be hollow to allow for the passage of air supplied to the turbine. Its design 
was critical in that it must have sufficient strength to withstand heavy loads 
in the pitch plane and yet be sufficiently weak in the yaw plane to be sensi- 
tive to the small Magnus forces developed by the model. As was mentioned 
previously (in the Discussion of the Problems of Wind-Tunnel Magnus Measure- 
ment), at low rotational speeds the ratio of the normal force to the yaw (or 
Magnus) force can become exceedingly large, especially at high angles of attack. 
The construction of the balance was more intricate than a simple pitch or yaw 
balance in that a change over from a circular cross-section to a flat cross- 
section at the gage sections necessitated the fabrication of the balance in 
several pieces, since the cross-sectional variation of the hollow passageway 
could not be machined out of a single solid piece of metal. The separately 
machined pieces were welded together and then the external surfaces of the 
assembled balance were finished off on a milling machine. The strain gages 
were then mounted in the usual bridge circuit and the addition of the power 
and signal lead completed the balance construction. The balance behaved as 
the usual pitch or yaw balance in that each of the two gage sections were 
sensitive to bending moments about an electrical center located somevhere in 
the gage section. The location of the electrical centers and jthe sensitivities 
of the two gage sections were accurately determined in calibra|tlon. The slight 
tendency of the gages to respond to forces other than that for which they were 
intended, was nullified by electrical shunting (reference a.9). 

33. The strain-gage readout system, broken down into its component parts 
consisted of:  a wet cell battery to supply the power to the strain gages; 
a nulling and calibrating uni-T which was used to determine the electrical 
characteristics of the strain-gage balance (and could be used as a nulling 
type of strain indicator); a Leeds and Korthrup D.C. amplifier-micro-volt- 
meter which was used both to read out the unbalance voltage of one of the 
bridges (indicative of the bending moment about the gage), and to amplify 
this unbalance voltage to a sufficient level for presentation to the recorder; 
a Leeds and Northrup 7i±,  X2, Y recorder to permanently record the variation of 
the bending moments about the two strain-gage sections as functions of either 
the model rotational speed or the model angle of attack. A diagramatic sketch 
of the strain gage readout system may be seen in Figure 5, and photographs of 
the system are presented in Figures 6 and 7. 

3U. The frequency console was an assemblage of electronic units to convert 
the variable frequency generated by the tachometer pickup coil in the model 
into a direct current voltage proportional to that frequency. The console 
consisted of the following units: a General Eadio Audio Oscillator> a Gates 
Amplifier) a General Radio Frequency Meter, a Waterman 3 inch Oscilloscope, 
and, a Berkeley ERJT meter. The basic function of the console required the 
operation of only the Gates Amplifier to amplify the variable frequency signal 

3 
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from the tachometer pickup coil, and the General Badio Frequency Meter to 
convert the variable frequency voltage Into a D.C. voltage proportional to 
that frequency.    This B.C. voltage vas used as the input to the Y function 
on the recorder.    The Berkeley EPUT Meter vas used to monitor the tach 
signal frequency by counting the number of cycles per second (thus the 
designation Bvents Per UüIT. Time meter) and presented,  in digital form on 
the front paSel of the ünitrthe number it had sampled in that time interval. 
The Wateman Oscilloscope vas used to visually monitor the quality of the 
signal from the tachometer pickup coil.    Any malfunction of the pickup coil 
could easllv be detected on both the oscilloscope and the BPUT meter.    The 
function of'the General Badio Avuiio Oscillator in the system vas J? Provide 
accurate, fixed frequencies to define rotational speed limits on the Y^unc- 
tion of the recorder.    The Y function on the recorder vas linear vith fre- 
quency (presented to the console) and t^us required only tvo defining limits, 
a zero frequency and a "maximum" frequency.. The frequency readout system 
had one shortcoming.   The system could not respond to frequencies below 18 
Seles per second? This vas due both to a limitation of the General Badio 
frequency meter and to the low output voltage of the pickup coll at low fre- 
quencies.    A diagreaatic sketch of the frequency console is presented in 
Figure 8 and the unit may be seen in Figures 6 and 7. 

T5     The Servo-Speed Control was a unit designed and built at the NOL, for 
S; «Sussed purpose of controlling the rotational speed of any of the several 
sizes^f air tSrbines in use for Magnus testing.    It is an experimental model 
to determine how effectively a high-speed air turbine can be controlled and 
reguSted vith a relatively simple apparatus such as this      Part of ^ actual 
vind-tunnel testing was devoted to determining the characteristics and the 
a«^ee of control provided by this unit.    The control was constructed using 
a'?elatively simple circuit conceived by Dr. W. A. Menzel at the NOL using 
as the major components,  a Brown servo-ampllf ier, a Brown servo-motor,  and 
a sSSdard l/2 Seh plp^ valve.    The control circuit may ba seen in Figure 9 
and a photograph of the complete control unit may be seen in Figure 10.    The 
SiW Junction of the Servo-Speed Control was to hold the rotational speed 
SJSrtat some fixed value while the aerodynamic loading on the model varied 
suS as occurs when the model-s angle of attack is changed      The secondary 
function was to be able to set the model-s rotational speed at arbitrary 
f-Sed values.    From the use of the control during, the wind-tunnel tests  it 
was learned that the model's rotational speed could easily be held constant 
to i* a? speeds between 80 cycles per second and 500 while the model's 
an«le of attack was varied between ±10 degrees.    A fine degree of ^ntrol 
vas attained after some experience in adjusting the supply pressure and the 
Se^o-S^Tcontrol settings to satisfy the needs of the turbine      The setting 
of the rotational speed to some nominal value by the speed control was not so 
successfSTas was tS speed regulation in that when the wind tunnel blow was 
Parted, the model would always speed up to some higher value than J£ "* 
tefore the blw.    This can be readily explained when one considers that when 
the wind tunnel is blowing, the ambient pressure surrounding the model is 
Slv afew millimeters of mercury.    Thus, the back pressure to the t^bine 
?f^re^l7low, the power of the unit is considerably multiplied and the 
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turbine speeds up. Nevertheless, the regulating effect of the control 
vould take hold at the nev higher speed and precisely regulate the rotational 
speed. With a little experience, this speed-up could be reckoned with and 
compensated for beforehand to achieve a speed setting close to the desired one. 

9 

Models 

36. All of the models tested in this investigation had a length-to- 
diameter ratio of five, the noses being tvo body diameters in length and 
the cylindrical after-bodies three body diameters in length. The only 
configuratlonal variation vas In the nose shapes. Of the six noses tested 
three formed a systematic variation in ogival radius. These three noses 
were:  a cone nose of infinite ogival radius, a secant ogive nose with an 
ogival radius of 8.5 body diameters, and a tangent ogive nose with ein ogival 
radius of ^.25 body diameters. Each of the remaining three noses had no 
relationship to any other in the group but was tested because It was an 
"interesting" shape. One of the remaining three noses was the IteÄok-Sears 
nose, a nose whose profile was determined by the equation ^ = fl - (l-^)^j S/1* 
and possessed the theoretically minimal wave drag for a given length and 
volume (reference a.10). Another nose shape was the "typical projectile" 
nose, which was basically a cone with a blunted tip - in this case, a spher- 
ical tip - and a rounded shoulder. The blunted nose was desirable from the 
standpoint of fuse installation and operation and the rounded shoulder was 
characteristic of many varieties of service ammunition. The last nose tested 
was the cone nose with artificial roughness applied to a small region near 
the tip. Number 100 emery grit was chosen aa the artificial roughness in an 
attempt to produce a completely turbulent boundary layer over the entire model. 
The size of this grit was chosen on the basis of yet unpublished data obtained 
from tests on boundary layer transition conducted at the Jet Propulsion Labor- 
atory, Basadena, California. The variety of nose shapes tested were expected 
to yield results which would be representative of most practical supersonic 
nose shapes. All of the noses are good supersonic shapes in that none have 
high drag. 

37» The models were machined out of magnesium, the lightest common metal, 
to the dimensions given in Figure 11.  Photographs of the model parts are 
presented In Figures 12 to 18. The models were fabricated with the toler- 
ances on the concentricity of the rotating circular surfaces as small as 
was possible using ordinary machine shop equipment. The precision of manu- 
facture and the lightness of the models reduced the level of any dimamlc 
imbalance to an insignificant level. 

38. The model size, three inches in diameter and fifteen Inches long, was 
determined by test section considerations. The models were the largest that 
could be tested in the test section of the Mach 1.75 nozzle at angles of 
attack as high as 22 degrees. The moment reference center was taken to be 
3.0k  body diameters back from the nose. 

.-■ 
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Wind Tunnel Test Techniques 

39. Magnus forces and moments are dependent on several aerodynamic vari- 
ables which Influence the viscous flow about the model (i.e. the structure 
of the boundary layer and the vortices shed on the lee side of tho body). 
Some of these variables are, the Mach number, the Reynolds number, the rota- 
tional velocity, the angle of attack, the surface roughness, the pressure 
and temperature gradients, and in the case of the vind tunnel, any nozzle 
disturbances and air turbulence. Experimental Magnus data as functions of 
these variables are necessary for the understanding of the Magnus mechanism 
and to establish a satisfactory Magnus theory, which at the present time 
does not exist. Within a larger program of tti Aeroballlstic Research 
Department of the Naval Ordnance Laboratory, the effect of nose shape (which 
primarily affects the pressure gradient) on the Magnus forces and moments 
of a 5-oaliber long body was examined. This investigation was attempted to 
provide some insight as to how to improve the free-flight characteristics 
of some missiles under development. If a large orderly variation in the 
Magnus characteristics could be determined, then this variation might be 
exploited to yield body shapes with no adverse Magnus effects. 

kO.    The test of the six models was performed at a Mach number of 1.75 
only in order to limit the quantity of data obtained. At this Mach number, 
the dynamic pressure in the wind tunnel is sufficiently high to produce 
appreciable Magnus forces and because of the exceptional flow quality of 
the nozzle used to produce this Mach number. 

kl.    The major portion of this test was carried out with the constant 
angle of attack and variable spin method. This technique is not troubled 
by the appearance of gyroscopic forces (since the model is held fixed in 
space), nor is the control or regulation of the rotational speed of any 
concern so long as the frequency recording system has a sufficiently fast 
response. The test procedure employing this technique is as follows: the 
angle of attack is set to some nominal value before the wind-tunnel blow; 
the wind tunnel blow is started and once flow is established, high pressure 
air is admitted to the air turbine; the model accelerates from zero rota- 
tional speed up to some high rotational speed; during the blow, continuous 
traces of the variation of the bending moments about the two yaw gages are 
permanently recorded as functions of the rotational speed; finally when 
the high rotational speed is reached, the wind-tunnelT blow is stopped. 

k2.    The constant rotational speed, variable angle of attack technique 
was employed for one configuration. As was stated previously, this part 
of the test was of an exploratory nature in that it was not known how effec- 
tive the Servo-Speed Control would operate. The procedure employed for this 
type of test was as follows: the model's angle of attack was set at some 
extreme value and the model was spun up to some nominal value of rotational 
speed; the tunnel blow was started causing the model's rotational speed to 
increase; after a few seconds the Servo-Speed Control took hold and kept the 
rotational speed constant; ones it was noticed that the rotational speed had 
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stabilized, the angle of attack vas varied,   while the angle of attack was 
varied, the variation of the bending moments about the two yaw gages was 
permanently recorded as functions of angle of attack; when the other extreme 
value of angle of attack was reached,  the wind-tunnel blow was stopped.    This 
technique produces gyroscopic forces, which have to be eliminated   in the data 
reduction. 

Coefficients 

^3»    The Magnus force and moment coefficients,  as originally defined by 
ballistic  investigations, are: 

* 

Kp = F/i?vn3^p 

Kp = -T/^VD^p 
see (reference a.6) 

The terms in the above equations are defined in the List of Symbols. The 
angle,"f^, is the angle between the axis of symmetry (length axis) of the 
projectile and the free-stream velocity vector and corresponds to the aero- 
dynamic angle of attack. The inclusion of the rotational vector, i, is to 
denote that the Magnus force, F, occurs at right angles to the plane in 
which ■»/, is contained. It is assumed that these coefficients are linear 
functions of both spin and angle of attack when the time-position-attitude 
measurements of the ballistic ranges are evaluated. The present investiga- 
tion shows that this assumption is erroneous. 

hk.    The yaw or side force coefficient and the yawing moment coefficient 
as used for static wind tunnel measurements are respectively 

CY = Y/qA 

Throughout this report, these coefficients will be used to define the 
forces and moments produced by the Magnus effect. It should be noted that 
the difference between these coefficients and the ballistic Magnus coeffi- 
cients is that these coefficients are not non-dimensionalized for spin or 
angle of attack. 

^5- Another non-dimensional quantity which describes the helical angle 
of a point on the surface of the body as it flies through the air (same 
as the lead of a screw thread) is the advance ratio. It is: 

Advance Batio ■ (pD/2V). 

3 
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If the vind-tunnel yaw force and yaving moaent coefficients are linear 
vith both spin ari angle of attack, then these coefficients may be non- 
dlmenaionallzed for advance ratio (spin) and angle of attack into wind- 
tunnel Magnus coefficients which may be readily compared with the ballistic 
coefficients. These are: 

= 2l f^ = 16 Kv (—) a vpD'' F 

Cyw - J2 (2V) . .l6  Kr 

k6.    If the wind-tunnel measurements reveal that the Magnus is non-linear 
with both rotational velocity and angle of attack, then another procedure 
must be followed to obtain coefficients which may be compared with the 
ballistic coefficients. To obtain wind-tunnel Magnus coefficients in this 
case, the advance ratio of the projectile must be known. The rotational 
velocity required to duplicate this advance ratio in the wind tunnel must 
be determined. At this spin rate, the wlnd-tunnd. Magnus coefficients may 
then be computed: 

^ = ih) lRi 

fPa = ( da'' 

(%(2V) 

0° p    " 

The Magnus coefficients obtained by this method are probably closest to 
"true" Magnus coefficients, because they are most representative of the 
instantaneous forces acting on a projectile.  These coefficients consider 
the spin as a constant (which is true for short distances along the projec- 
tile's trajectory), and are  determined for zero degrees angle of attack 
(defining the initial Magnus force behavior). 

Data Reduction and Accuracy 

kj.    The raw data obtained for the constant angle of attack-variable spin 
type of blow were In the form of recorder traces of the yaw gage readings 
(indicative of the bending moments about the yaw gages) versus the rota- 
tional speed.  Sample traces of this type may be seen in Figure 19.  From 
these traces the side fore« coefficient, Cy, and the yawing moment coeffi- 
cient, Cyr,  may be computed (by the equations presented in Appendix I and 
reference a.9) as functions of the rotational speed.  In this data reduction, 
the fewest number of data points were taken that would adequately define the 
data.  In some cases, where the traces were clearly linear, only two points 
from each trace were read.  These two points were, the zero rotational speed 
point and the maximum rotational speed point.  The zero rotational speed 
point was considered as the point of "zero" Magnus and any reading of the 
strain gages at this point was due to some small static yaw angle.  Thus, 
for a linear trace only the values of the Magnus coefficients at the maximum 
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spin were computed. For the majority of traces, nany points along the trace« 
had to be read because the traces were clearly non-linear. One source of 
error in reading the traces was due to the fact that the traces did not start 
from exactly zero rotational speed, but conmenced at approximately twenty 
rovolutlons per second. This was due to the Inability of the frequency con- 
sola to respond to low frequencies and the tachometer generator to produce a 
sufficient signal voltage at these low frequencies. All of the traces had 
to be faired to zero rotational speed in order to determine the "zero" Magnu« 
point. This fault in the Instrumentation introduced a reader error in the 
data which Ja probably most evident in flaws In the array of the basic data 
plots. 

48. The raw data obtained for the constant rotational speed-variable angle 
of attack type of blow were of the form of traces of the strain-gage readinga 
versus the angle of attack. Sample traces of this kind may be seen in 
Figure 20, On this type of trace, the angle of attack was linear between 
the two extremities of the trace. The extremities of the trace were a maximum 
jjosltive^angle of attack and a maximum negative angle of attack. To reduce the 
data, a "zero" Magnus point had to be deter. ..ned and this was taken to be the 
Interpolated zero degrees angle of attack point. Any reading of the strain 
gages at zero degrees angle of attack was attributed again to a static yaw 
angle and also to a small processional force. Tare readings had to be sub- 
tracted from the readings of the traces and these were the variations of the 
no-spin strain gage readings with angle of attack, which were small. 

49- The readings obtained from both types of traces were punched into IBM 
cards and reduced to coefficient form by IBM 650 computing nachines used by 
the Applied Mathematics Division of NOL. 

50. There were no corrections applied to the data. A  irrectlon to the 
Indicated angle of attack due to the deflection of the balance under the 
pitch plane loads is normally warranted, but requires the measurement of the 
pitch plane,loads. However, previous experience with this balance showed 
this correction to be negligible. The aerodynamic trim has also been left 
in the data since the subtraction of the trim angles would not alter the 
form of the data but would only shift them to the origin. This was not 
done because of the considerable work Involved. 

51. In the case of the constant spin, and variable angle of attack method 
a precessional moment is present and must be accounted for in the data 
reduction. The magnitude of this precessional moment depends on the moment 
of Inertia of the rotating parts, the rate of change in the angle of attack 
and the rotational velocity. The rotational velocity for the run utilising' 
this technique varied between about 80 revolutions per second to about 510 
revolutions per second, but the rate of change of the angle of attack was 
only about one degree per second. However, if the rate of change la angle 
of attack was a constant, then the precessional force must be a constant 
and it would be properly deducted from the total force reading (leaving ' 
only the Magnus force reading) by the data reduction procedure described 

I 
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above.    Also  if the direction of the angle of attack variation vere reversed 
then the direction of precessional force vould he reversed.    The effect of 
rotational speed on this precessional force did shov up in the data in a 
small change  in "zero Magnus" point;  the largest  "zero Magnus    point corres- 
ponding to the highest rotational speed.    That the precessional moments have 
been eliminated from the data is  substantiated by the good comparison of   -he 
data taken in this fashion with the data taken by the constant angle of 
attack, variable spin technique, a technique for vhlch no precessional moment 
is present. 

52      A probable error analysis for these tests vas attempted, but the results 
vere approximately one order of magnitude smaller than the error determined 
from what repeat points vere taken.    This vas probably due to the fact that 
all of the variables which affect the data could not be accounted for in the 
probable error analysis.    Some of these variables are:     tunnel air fluctua- 
tions, vibrations  of the model-sting system,  the aerodynamic trun (which is 
still present in the data),  and reader error in the fairing and reading of 
the recorder traces.    These factors, while small in themselves are probably 
slaiificant contributors to the total error when one considers the smallness 
of the Magnus forces.    To  indicate a level of measurement accuracy the 
following BMS values of the residuals  (based on repeat points)  are presented, 
for a spin rate of 600 rev./sec. 

a = k'- a = 8° a = 18C 

EC^ 
+ ,02U + .011 +.006 

+ .021 + .016 ±.010 
'¥ 

If these errors are referred to the measured coefficients then the 
percentage errors are 

a = Uc a = 8C a = 18C 

±19.2 +2.^5 +0.75 

+38.9 +5.37 +1.5- 

53.    The  system of coordinate axes  defining the slens  of the forces and 
moments are presented  in Figure 21. 
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Results 

. 

5^.  The primary results of these tests are presented in the form of data 
tables and graphical plots of the side force coefficients and the yawing 
moment coefficients versus rotational speed or angle of attack. This presen- 
tation is made in the same general order in vhich the data vere taken. In 
other vords, if the raw data vere obtained by the constant angle of attack, 
varying spin technique, then the computed coefficients are presented as func- 
tions of the spin, with the constant angles of attack as a parameter. The 
tabulated data are presented at the end of the report with an explanatory 
sheet. The primary data plots for the six configurations, as obtained using 
the constant angle of attack, variable spin technique are presented in 
Figures 22 to 33 in the following configurational order: the cone nose; the 
secant ogive nose; the tangent ogive nose; the Haack-Sears nose; the typical 
projectile nose; and lastly the cone nose with No. 100 grit. These graphical 
plots are alternately, the side force coefficients and the yawing moment coeffi- 
cients (plotted against the rotational speed) for the respective configurations. 
It was possible to present all of the measured coefficients (of one kind) for 
each configuration on a single graph.  Thus, the presentation of this data 
required only two plots for each configuration. The data obtained for the 
single run using the typical projectile nose, and employing the constant 
rotational speed-variable angle of attack technique; could not be as conven- 
iently presented without completely obscuring the data around zero degrees 
angle of attack, and required Figures 3^ to 55 to clearly present these 
results. In each of these figures are presented the side force coefficient, 
the yawing moment coefficient, and the center of Magnus plotted against the 
angle of attack for constant values of the spin. 

55. The presentation of some of the important effects revealed by the data 
necessitated a number of crossplots and comparison plots. The effect of 
nose shape (for three spin ates - 153, 305 and h^S  revolutions per second) 
is revealed in Figures 56 to 6^. In Figures 56, 59, and 62, the side force 
coefficients for all of the nose ahapes are plotted against angle of attack 
for each of the three speeds respectively. The yawing moment coefficients 
are presented in Figures 57, 60, and 63, in the same form. Figures 58, 61, 
and 6^ present the cente- J of Magnus versus absolute value of the angle of 
attack, for all of the configurations. For these plots the data has had 
the aerodynamic trim angle of attack removed in order to accurately deter- 
mine center of Magnus values at small angles of attack. If the trim were 
not removed, the center of Magnus determinations at small angles of attack 
would be meaningless. The good agreement of the centers of Magnus between 
plus and minus angles of attack point up the symmetry of the data. From 
each of the three sets of three figures an effect of the ogival radius may 
be obtained, at each constant rotational speed, if we consider the three 
noses that have the systematic variation in ogival radius. Figure 65 pre- 
sents the effect of ogival radius on the Magnus characteristics of bodies 
of fineness ratio 5. In this figure are presented the Magnus force coeffi- 
cient, CY , the Magnus moment coefficient, C^^, and the center of Magnus 

as functions cf the ogival radius at a spin rate of 305 revolutions per 
second. Figure 66 presents the effect of spin on the initial Magnus char- 
acteristics of the typical projectile nose as determined by "slopes" at 

3 
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• 
zero degrees angle of attack from the many traces obtained by the constant 
spin, variable angle test technique. 

56. A comparison of the results obtained for identical test conditions on 
the same configuration by employing the two different test techniques is 
presented in Figures 6? and 60. These figures contain the crossplots of 
Cy and C^ for the typical projectile nose versus angle of attack (as pre- 
sented in Figures 59 and 60; p = 305 rev./se.), and the samo coefficients 
as obtained by the constant spin variable angle of attack technique (namely 
the data as presented in Figures ko,  hi,  and 53> at approximately the same 
spin rate). 

Discussion 

57« The examination of the graphical plots of the coefficients, Cy and C^, 
is not sufficient by itself to reveal the effects of nose shape variation. 
As a matter of fact, there is so much data in these figures (Figures 22 to 
33) that differences between the various noses are actually obscured. The 
comparison crossplots, Figurea 56 to 6^; give a better picture of the nose 
effect. The plotted points in these figures are values which have been 
interpolated in the tabulated results. From Figures 56, 59, and 62 (note 
change in scale of Figure 62), the crossplots of the side force coefficients, 
the following general effects, for each spin rate, may be seen: 

1. the force coefficients follow approximately a cubical relationship 
with small and moderate angles of attack, then generally reaching either a 
peak or a plateau at some high angle of attack; 

2. there is a progressive increase in the Magnus force as the oglval 
radius decreases (proceeding from cone nose to tangent ogive nose); 

3. the Haack-Sears nose appears to have the highest maximum Magnus 
forces of all the noses tested; 

k.     the typical projectile nose seems to have about the same forces 
as the secant ogive nose; 

5. there appears to be little If any difference between the forces 
developed on the cone nose and on the. cone nose with Ho. 100 grit; 

6. there is an almost linear relationship of coefficient with rota- 
tional speed. 

From Figures 57» 60, and 63, the crossplots of the yawing moment coefficients, 
it may also he seen that: 

1,  the various noses produce appreciable dirferences in the Magnus 
moment behavior at small angles of attack - these differences include 
reversals in sign; 
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2. there are small differences in the maximum values of the moment 
coefficient at high ancles of attack, although there appears to be a slight 
increase in moment coefficient with diminution of the ogival radius; 

3. the tangent ogive nose and the Haack-Sears nose appear to have 
similarly shaped moment coefficient curves at small angles of attack- 

h.     the typical projectile nose has about the same Magnus moment 
characteristics as the secant ogive nose at both high and lov angles of 

5. the application of the No. 100 grit to the cone nose appears to 
have changed the Magnus moment coefficients appreciably at small angles 
of attack, but not at all at the high angles of attack; 

6. all of the Magnus moment coefficients appear to have reached a 
peak or plateau at the high angles of attack; 

7-  the maximum moment coefficient values exhibit an almost linear 
dependence on spin rate, however there appears to be almost no dependence 
of the moment coefficient at small angles of attack once a spin rate of 
about 305 revolutions per second has been exceeded. 

From Figures 58, 6l, and 6k,  the crossplots of the centers of Magnus, it 
may be seen that: 

1. the centers of Magnus for all the configurations (including the 
cone nose with grit) at high angles of attack are almost the same; 

2. at small angles of attack, there appears to be very strong effect 
of nose bluntness on the centers of Magnus with the blunter configurations 
having the more rearward centers of Magnus; 

3. the application of the grit to the cone nose moves the center of 
Magnus from ahead of the nose rearward to approximately one caliber ahead 
of the base, at small angles of attack.  (Since schlieren photographs of the 
boundary layer were not obtained it is not conclusively established what 
changes in boundary layer were produced by the application of the grit. The 
two changes that the grit could produce are: the shifting of the transition 
point from somewhere aft on the body to the very tip of the nose, and the 
simple thickening of an already turbulent boundary layer.  The large change 
in center of Magnus due to the application of the grit may be evidence that 
the former effect is probably occurring along with strong variations of the 
distribution of the Magnus forces along the body.) 

U.  there appears to be no effect of spin on the centers of Magnus at 
large angles of attack and only the centers of Magnus of the cone nose and 
the secant ogive nose appear to be markedly affected by the spin rate at 
small angles of attack. i 
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C) 

' 

^       'Vh*  effect of Ofival radius on the initial Magnus characteristics of 
rodiefof fSeneSs StloS may he seen in Figure 65. in which the M^nus 
force coefficient, Cy,, , the Magnus moment coefficient, C^, and the cen^.rs 
^f Magnus at zero deg?^s angle of attack (determined from the slopes of the 
crossSots of Figures 59 and 60) are plotted against ogival m.dius. With 
decrS?ng ogiva! radius the Magnus force -efficient increases the Magnus 
moment coefficient decreases and ^en becomes negative and te center o 
Magnus moves rearward from ahead of the nose to behind ^^^^^^/^ 
■T^is fiKure was presented to emphasize the substantial difference., ln ™e 

S^us Sflclent, produced by the different nose shapes, at low angles of 

attack. 

59  Examination of the data obtained for the constant spin, variable angle 
o? atS test technique (Figures 3^ to 55) reveals effects ^ery small 
angles of attack that are not ordinarily discernible by the constant angle 
of attack variable spin test technique.  During the actual testing, the 
origin  anZ of attack range was between plus and minus ten decrees but 
Jhe^usuaJ variations in the recorder traces that occurred at very small 
angles of attack (between plus and minus one degree) indicated .e;y pro 

no^nced movements of the center of ^B™%*f .f ^^f r!^SiSe 
of these unusual effects at a greater sensitivity and on a reduced sea» 
(between ^SaL minus five degrees). The Inspection of these data shows 
that at very small angles of attack: 

1. the Magnus force coefficient can be very non-linear; 

2. the Magnus moment coefficients exhibit "reversals' 
"double reversals;" 

3. the centers of Magnus are extremely unsteady, being very sensi- 
tive to chances both in spin rate and angle of attack.  The argument that 
äese very small angle effects maybe due to "vaGaries" of the instrumenta- 
tion can be refuted by the good repeatability of the data (fror, repeat 
traces at two sensitivities), by the sy^etry of the data and by the »gree- 
ment of the data taken by two different techniques (to be discussed later;. 
S author had some reason to suspect that mechanical vibratlor of the model- 
turbine-sting system might be producing these unusual small angle of attack 
eSectl, hoveve?, a detailed investigation proved this suspicion to ^Ground- 
less.  Since the typical projectile nose was the only c.'.:-.-yurutior tested m 
this fashion (becauL of model difficulties), it is not Known whether the 
many variation, in the very small angle of attack data are peculiar only 
to this configuration or whether this behavior is representative fj^l' 
or all, configurations.  One of the most interesting features of these data 
(viKur^s 3U to 55) is the behavior of the center of Magnus at zero degrees 
angle of attack as the spin changes.  It can be seen by successively exam- 
tnlns the figures that there is a profound movement in the center of Magnus 
as the spin is increased, moving from behind the center of gravity at low 
spin rates (90 rev./sec.) to far ahead of the nose at medium »Pin rates 
(300 rev./sec), then back to a position just ahead of the nose at high spin 
rates (500 rev./sec).  The center of Magnus determinations at zero degrees 
angle of attack were made by using the slopes of the traces at zero degrees 

md even 
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ansW of attack, because at zero degrees an6le of attack the side forces 
an! moments themselves hecone zero. The effect of spin rate on the initial 
Ka^nus characteristics of the typical projectile nose configuration is 
evident In Figure 66.  It can he seen that as the spin is increased the 
Marnus force coefficient goes to zero; the Magnus moment coefficient changes 
B±Pn    veeks,  then hegins to decrease; and the center of Magnus moves off 
the body'to some point a great distance ahead of the body, then moves rear- 
ward acain.  The fact that the moment coefficient reaches a maximum and 
remains firite in value, while the force coefficient goes to zero, can only 
be'explained by the presence of a couple.  This would mean that there must 
be two effectively independent systems of aerodynamic activity at work on 

the body producing this effect. 

60  The comparison of the data obtained by the two different test.techniques 
(Fifmres 6? and 68) indicates that the two sets of data are in good agree- 
ment, 'it should be pointed out that the aerodynamic trim is still present 
in the data, and the comparison might be improved if the trim were removed. 
The author feels that each test technique has certain advantages depending 
on what is desired most from the test.  For very small angles of attack 
the constant spin-variable angle of attack technique is much more revealing 
than the other technique.  It also yields Magnus coefficients at zero degrees 
ancle of attack.  The constant angle of attack-variable spin technique requires 
less instrumentation and uses a simpler data reduction procedure. 

61  From the consideration of the results of these tests certain general 
conclusions may be inferred.  One conclusion, that verifies present opinion, 
is that at srmll angles of attack the nature of the boundary layer is the 
most important factor in the behavior of the Magnus.  It also appears that 
any disturbance introduced to alter the behavior of the boundary layer, such 
a« BTJifl nosr shape variations or surface roughness, may produce very great 
changes'in tha force distribution over the body (and the corresponding vana- 
tion^in the moment and center of Magnus).  It might be expected that the 
effect of nose shape on Magnus would be more pronounced on a short body than 
on a long body, because of the longer run of boundary layer on the longer 
body, but there is no evidence to prove or disprove this. 

6^  Another conclusion that may be drawn from these tests is that the force 
distribution on the body at very small angles of attack is the result of two 
systems of aerodvnamic activity. A possible picture of this activity might 
be that at low angles of attack, the viscous flow on the sides of the body 
mifht be confined Into two effectively discrete vortex systems similar to 
those that ocr-ur at high angles of attack.  Tnese two vortices would be, of 
cour-e very close to the body, possibly completely within the attached 
boundary layer. If the strengths of the two vortices were nearly the same, 
the net fo-ce would be close to zero, but if the circulation distribution 
o* these vortices along the body were different, a finite moment might be 

the result. 
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vortices are so far «unir -p-««™ 4.v.        J.  ^^       «»w**«»*«    c-nx-icai    angle the 

theory,  namely,  a^onrbody'vltf a iSÄ ^f ^^ conditlons  «^ thx. 
incompressible flovaf Sdl a^  T^f ^^^  ^«r in a subsonic 
of these tests.    TLS    ^11^™ V^*' are vio:Lated ^y the conditions 
Nevertheless,  tteSin^lev IZTlT-^ thiS the0iy Could te «-Pected. 
in Figure e^foraLemlc  Masons ^^^ MagnUS  coefflcients are  included 

CONCLUSIONS 

2y^\S^ tests,  the following 

number of 1.75 and a Reynolds nlbe" of 5 ? Sui^8 ^^ 5 at a ^ 

1.    The shape of the nose has a profound effect on: 

a. the magnitude of the Magnus force at high angles  of attack 

b. the behavior of the Magnus moment at small angles  of attack 

C    the location of the center of Magnus at  lov angles of attack. 

2.    The shape of the nose has a lesser effect on: 

a. the magnitude of the Magnus force at small angles  of attack 

b. the magnitude of the Magnus moment at high angles  of attack. 

Ma,gnuS
3-atTMghh:Sie

0f 0^:^ a ^ ^ ^ ™ ^ ^ of 
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k. The rotational velocity has a profound effect on the initial 
(a = 0 degrees) Magnus characteristics of the typical projectile nose 
configuration. Whether this strong spin dependency is representative 
of many or all configurations remains to be demonstrated. 

5. The application of artificial roughness to the tip of the nose 
caused very substantial changes in the Magnus moment and the center of 
Magnus at small angles of attack. 

6. No present theory can adequately predict the Magnus character- 
istics of short bodies at supersonic speeds. 

7. The constant rotational speed-variable angle of attack test 
technique has demonstrated that: 

a. the data obtained by this technique agrees well with the 
data obtained by the previous technique of holding the angle of attack 
constant and taking data while the rotational speed was varied 

b. this technique determines the small angle of attack Magnus 
characteristics more satisfactorily' than the previous technique 

c. this technique affords an opportunity of determining the 
initial Magnus characteristics^ namely those at zero degrees angle of 
attack 

8. The Servo-Speed Control unit., designed and tuilt for the purpose 
of effectively controlling the rotational speed of the air turbine was a 
success. 

3 
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Append ix 

Data Beductlon Equations 

CY „ -AY  (^3 -^    )  +Bv  (4 -^0) 

C     = A     (V^3o)+B     (^-\) 
AY = K3/C3 A  (X3  - X  ) 

By . K^/q A   (X3  - Xh) 

A    = K3(X    - Xt)/qAD(X3 - X^) 

B    = Kk{X3  - X   )/qAD(X3 _ X^) 

q   =   (V2) (P/P0) PO M2 

A    =     frD2A) 

Center of Magnus =   (l - X^/D + C-y/C   )   (D/L) 

At zero degrees angle of attack: 

Cent3r of Magnus =   [l - X^/D +  (dC^/dcO/dCy/da) ]   (D/L) 

The  Magnus Coefficients are: 

%, "  W*1)   (cy/p)   (2V/D) 

C¥p    =  (d/da)   (C¥/p)   (2V/D) 

v      = M (a/ao)ao 

^ o     =   -N/ y R T. 

1 

29 



N/VVOED Eeport 1+1+25 

TABUIATED DATA 

Bun No. Configuration 

1 c Secant Ogive Nose 

2 Cone Nose 

3 Tangent Ogive Nose 

*+ Haack-Sears Nose 

5 Typical Projectile Nose 

7 Typical Projectile Nose 

8 Cone Nose vith No.  100 Grit 

Type of Run 

constant a, variable rpm 

constant a, variable rpm 

constant a, variable rpm 

constant a, variable rpm 

constant a, variable rpm 

constant rpm, variable a 

constant a, variable rpm 

t 

I 
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0.25 
AoBlll7   FPS 

1400 

|234 

WIND    TUNNEL   FREE    STREAM    MACH      NUMBER 

FIG.I ROTATIONAL SPEED VS  WIND  TUNNEL   MACH NUMBER 
FOR VARIOUS   SIZE   MODELS   (ADVANCE   RATIO =  IIN   20) 
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FIG.  2   CUTAWAY DRAWING OF THE NOL WIND  TUNNEL 
BUILDING 
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FORWARD YAW BRIDGE AFT YAW BRIDGE 

» 

WET CELL 
BATTERY 

NULLING AND 

CALIBRATING 
UNIT 

o o      o o 

RF.CORDER 

D. C. 

AMPLIFIER 

O O 

O o   O o 

FIG. 5   DIAGRAMATIC SKETCH OF  THE STRAIN GAGE READOUT 
SYSTEM 
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TACH PICKUP COIL 

IC 

OSCILLOSCOPE 

SWITCH 

-0|MC\     O- 

-O     T>\o- 

AUOIO 
OSCILLATOR 

AMPLIFIER 

EPUT   METER 

FREQUENCY 
O METER O 

RECORDER 

o o o o t 7 
FIG, 8 DIAGRAMATIC SKETCH OF THE FREQUENCY CONSOLE 
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SENSITIVITY 

>•  

BATTERY 

1 1.  

SERVO 
AMPLIFIER 

n     I- 

D.C. VOLTAGES: FREQUENCY   FROM 
FREQUENCY CONSOLE 

FREQUENCY   RANGE 

-VW 1   FREQUENCY SET 

NULLING 

-^vyv— 

SERVO 
MOTOR 

TO AIR TURBINE 

HIGH PRESSURE 
AIR SUPPLY 

FIG. 9 SCHEMATIC DIAGRAM OF THE: SERVO-SPEED 
CONTROL 
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CONE NOSE 

-4—       SECANT OGIVE  NOSE 

. 

TYPICAL  PROJECTILE  NCSE 

ALL DIMENSIONS GIVEN IN BODY  DIAMETERS   (D = 3.0   INCHES! 

FIG. !l  MODEL DIMENSIONS 
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FIG  19 SAMPLE TRACES OF THE CONSTANT ANGLE OF ATTACK, 
FIG. iy bAM VAR|ABL E Sp1N TYpE OF BLOW 
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FIG 20 SAMPLE TRACES OF THE CONSTANT SPIN,VARIABLE 
ANGLE OF ATTACK TYPE OF BLOW 
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AXIAL FORCE 

WIND 

SPIN AND ROLLING 
MOMENT 

YAWING 
MOMENT 

NORMAL FORCE 

ARROWS INDICATE POSITIVE DIRECTION 

FIG. 21 FORCE AND MOMENT COORDINATE SYSTEM 
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ROTATIONAL SPEED, P (RPS) 

600 

FIG. 22 SIDE  FORCE COEFFICIENT, Cy, VS  ROTATIONAL 

SPEED, P,   CONE NOSE 
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FIG. 23 YAWING MOMENT COEFFICIENT, C^., VS 

ROTATIONAL SPEED, P, CONE NOSE 
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0 100 200 300 400 500 600 
ROTATIONAL  SPEED,  P(RPS) 

FIG. 24 SIDE FORCE.COEFFICIENT, Gy, VS ROTATIONAL SPEED, P, 
(RPS)-SEGANT. OGIVE NOSE 
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RG. 25 RAWING MOMENT COEFFICIENT, C^,VS ROTATIONAL 

SPEED, P,-SECANT OGIVE NOSE 
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FIG. 26 SIDE FORCE COEFFICIENT, Cy, VS  ROTATIONAL 

SPEED, P-TANGENT OGIVE NOSE 
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FIG. 27   YAWING MOMENT COEFFICIENT,  C^,VS ROTATIONAL 
SPEED,  P,- TANGENT OGIVE NOSE 
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500 600 200 300 ^00 
ROTATIONAL   SPEED, P ( RPS) 

FIG.   28 SIDE FORCE COEFFICIENT, Cy VS ROTATIONAL 
SPEED, P,-HAACK-SEARS NOSE 
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FIG. 29 YAWING MOMENT COEFFICIENT, Cj, VS  ROTATIONAL 

SPEED, P,-HAACK-SEARS NOSE 
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5 00 6 00 

FIG. 30  SIDE  FORCE COEFFICIENT, Cy, VS   ROTATIOIMAL SPEED, P, 
TYPICAL PROJECTILE  NOSE    v 
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FIG. 31   YAWING MOMENT COEFFICIENT, C^VS  ROTATIONAL 

SPEED, P, TYPICAL PROJECTILE NOSE 
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FIG.49   CY,CV|/, AND CENTER OF MAGNUS VS a\ FOR 
THE TYPICAL PROJECTILE NOSE   (P=90RPS) 
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-i-0 

FIG. 50 Cy, C^ AND CENTER OF MAGNUS VS a,   FOR 

THE TYPICAL PROJECTILE P=I22RPS 
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FIG. 51 CY,C^,AND CENTER OF MAGNUS VS a| FOR 
THE TYPICAL PROJECTILE NOSE 

{P = 2II RPS) 
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CENTER    OF   MAGNUS 

. 

FIG. 52  Cy, Cf, AND CENTER OF MAGNUS VS 0{ 

FOR THE TYPICAL PROJECTILE NOSE P = 263,RPS 
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FIG. 53 Cy, Cvi/, AND CENTER OF MAGNUS VS a, FOR 
THE TYPICAL PROJECTILE NOSE (P=309 RPS) 
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FIG. b4 CY, C^ AND CENTER OF  MAGNUS VS a,   FOR 
THE TYPICAL PROJECTILE P=373RPS 
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FIG 55 Cy   Cj,  AND CENTER OF MAGNUS VS a,  FOR 

THE TYPICAL PROJECTILE NOSE P=468RPS 
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FIG. 58 THE EFFECT OF NOSE SHAPE ON THE CENTER OF MAGNUS 

(P«I53 RPS) 
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FIG. 61 THE EFFECT OF NOSE SHAPE ON 
THE CENTER OF MAGNUS (P=305 RPS) 
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1 
FIG.64    THE EFFECT OF NOSE  SHAPE ON   THE  CENTER  OF MAGNUS 

(P = 458RPS) 
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FIG. 65  THE EFFECT OF  OGIVÄL RADIUS ON  THE 

INITIAL MAGNUS  CHARACTERISTICS OF BODIES 

OF FINENESS RATIO 5 AT P=305 (RPS) 
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FIG. 66   THE  EFFECT OF SPIN  ON   THE  INITIAL 
MAGNUS  CHARACTERISTICS  OF THE  TYPICAL 

PROJECTILE   NOSE 

D 

D 



NAVORD   REPORT 4425 

S 

4» 

4* 

•CONSTANT   a    VARIABLE    p    PUN 
CROSSPLOT   3+  305     RPS 

• CONSTANT   p,   VARIABLE   a     BLOW 

p. 309 RPS -10« < a < + 10* 

■ CONSTANT    p,   VARIABLE   a    BLOW 
P=3IZRPS    ' -l0»<a< + 10o 

-CONSTANi     Pi   VARIABLE   a    BLOW 
P= 309 RPS -5*<a<*5' 

0.06 f 

-0.06 4- 

TYPICAL PROJECTILE NOSE 

FIG. 67  COMPARISON  OF  THE SIDE  FORCE  COEFFICIENTS 

OBTAINED  BY TWO TEST  TECHNIQUES 

, 



I 

NAVORD   REPORT    4425 

o.oet 

z O.OE 

0   0.0 4 

-20°      -'6°       -12°       -e8 

INDICATED   ANGLE   OF   ATTACK,  a| 

CONSTANT    a,VARIABLE    p    RUN 
CROSSPLOT 305    RPS 

CONSTANT   o     VARIABLE     a    BLOW 
"P=309   RPS-IO°<a <+10° 

CONSTANT   P     VARIABLE     a    BLOW 
>« 31?   RPS - 10° <a <+IO° 

CONSTANT    P    VARIABLE     a     BLOW 
H = 309 RPS- 5° <a   <+5° 

-0.01 

-0.02 ■• 

-0.03 

•0.04 

-0.0 5 

-006 + 

TYPICAL   PROJECTILE NOSE 

FIG. 68  COMPARISON OF  THE YAWING  MOMENT COEFFICIENTS 

OBTAINED BY TWO TEST  TECHIQUES 

3 * 

e. • 

; 



NAVORD Report hk25 

o »0 -* •■O t> <3v c»  o tn a» CO ca r-( rg 

K OO—^'^•♦'f>s3'*'^,^lrt"*f'>tvJ oooooooooooooo 

OOO-OOJiMOOOOO^Oh-OIN-* 
0>00>H'-Hr-l(\Jf\(^,>00^<*l>00 
O'-<r>joj(\j<"gr\((MtNJrg(M(T>(0-<- 
OOOOOOOOOOOOOO 

tn(Mo«oi*><,>ooo«o-*'-,<'>>o-* • •••••• ••••••• 
>0<*>0>Ot'>0',-<»>Or-'*-0',--4" 

OOOOOOOOOOOOOO 
OOOOOOOOOOOOOO 
• •••••• ••••••• 

OOOOOOOOi-«'^'-«'^'-4^ 



r 
- 

MVOBD Report ^^25 

> 

a> r~ o IN »A u> 
1-1 r^. as -* >t if« 
r~ <o ir> un in >A 
rvi t\j (M oj r>J tsj 

i    I    I     I    I    1 
■4} o r-i •£ r^ O- 
00 r- o» fM 00 ff> 
(*\ tfl r- O» O (7< 
OOOOOO 

(NJ ^- <-• -^ ^ •* 
<»■ rH 00 * rO >0 
-O ©> —« f^ -l" ■* 
O O ■-<  "-I  r-«   •-* 

:■ 

CsJ        C^ 00 <<> O^ ^ «M 
O •••••• 

^-1>- ^ ■<■ 00 in 
,-(     r- -a- pg o» >o o 

i-« CM !*\ ci -*■ m 

000000 
OOOOOO 

^- ^r -» * ■* •* 

ri     CM «<> <r m >o r~ 
■4-        OOOOOO ( 



NAVOKD Report hk25 

I 

iIitIl»ItiLlli 

J oi«>r-(M'*f~<x>if,aö,5<!J*:?;* 

o ,  .  *  •   •   •   ••   ••••JT* 

ooooooooogoooo oooooooooooooo 



  

NAVOBD Beport 1^25 

i 

1 
I 

iiiiiiitit'Ll 

o o o 

o 

o 

^ ^4 ^ CM PM tM <o 

•   •   • • 
or*- -t o 
r~ o -i <0 
cr» ■* -r •* 

ooooooooooooo ooooooooooooo 
• •••••••••••• «eoooeoooooooooooaooo«« 

^      r>j m <•• m vO »- « » O <H N « •♦ 
*       oOOOOOOOr-<'■<'^'^'-, 



NAVOKD Report W25 

*■■•■ 
«MtM •   • 

1    1 
CO <0 
•cm 

•   • 

0 • • 
OO 
0 O 
fM vO 

O • • 
OO 
t-H r-t 

•* 
fM 

OO 



MAVOBD Beport hh25 

j 

CO fO 
•* O 
m lf> 
(NJ 04 • • 

I 1 
-t CO 
I-« (•<> 
m <o 
fM iTl 

o 

if» Ifl 

en o 
■ 

3 

CM 
O 

o o 
o o 
(SI pg 

(M <n 
o o ] 



r 

{IdVOED Report hh25 

1 

4 
if» 
OO 
in 
• 

f 
r-      o 
o       • o 
r-t O 

(N        O 
o     o 

1 



NAVOKD Seport hk25 

) 

I 
CO 

00 
o 

(7- 
00 

O 

' 

> 

Ji 

<Si O 
o 00 « 

ir> 
fH 

t-< r>j 
* o 
rsi I 



UAVORD Report kk25 

% 

) 

♦ ♦■♦•♦•♦■•■•♦■♦♦^(•»«»»«««»mm 

ooooooooooooooo 

oooooooooooooo oo 

•   ♦ «^—•»>•'- »A ■# (X O O» I» «»««» M O • 

>0<r>0>Ot»iOf>--!tr-tr>-4-nHaOir»rgoO 
r<4  ■*aofM'A<h(»>>Öo-»P~rHinoOr\j^OO 

I 
oooooooooooooooo 
oooooooooooooooo 
*••••■••■••••■ •• 



NAVOED Report kk25 

«III       I   I   »   I   I   I   I   I   1   I   I 
^inr-o>o>or\i>}-vo.*or-«or^os-r 

00   VO    rH 

O>0r^v0L0^f^^0Or-(C0!--a«)J- ^ oo 
•W    »O   »■■   -^    w   i*i  ^j     ***   {vf   v»  Wl   H»  *>i   l>* "fl"   fa 

oooooooo<-iooooooo 

I  I  i  I      I I   I  I  I  I  I  I   I  I I 
®Ovöoofri^oa>oooc>cr«ao.vj* 
0>-IOOOO'-4(M(ncg(Mr-«iH   i-HtMOJ 
oooooooooooooooo 

• ••••••••••••••• 
ro^iHCBinrsieomrgOk^cnooetN in9im<oo4>ta>rHiAeo(M<4c>mt>>o 

s 

ÜI    2 2 9 2 2 00 0 0 o Q o o o Q o 

rj      rMro4-x>v«r-o»9>o>-4<MmMrift<oru 



NAVOKD Report Ul+25 

I 

<«> *Ä f^ 00 00 >o <^ o o o o o o o 
8p O f>S ■* ■* * -fi o o o o o o o 

2 or-o«>-*(oocor«iO>nf»-<N^<5 
ooooooooooooooo 

r4P.4-rHeoirt>Heom<Meo>nN9>i'} 

r»4 
o 

o 
o 
aoooooooooopoo 
äooooooooooooo 
• ••••••••••••• 

r*        JM m <■ if» ^1 »«■ 00 O' O ■-• ti< <«> -♦ <5 ^ 



I 

mVORD Eeport kk25 

rsjvO^>ioo>00>(\J-*iao»f-iO<> 

!<>in>ain(np>4OO>-(fr>ini>-c0(j» 
oooooooooooooo 

' 1 < ' I I I I I I I I I i 

OOOOOOOOOOOrHi-lrH 

<MO»<0(«>o\<omoi*-coof,-*o 

^      i   J   i   i   c   I   1   I   I   1   I    i   i   | 
«N  OOOOOOOOOOOOOO 
o  oooooooooooooo 

• ••••••••■•■•• 

<M<Njr\j(N4tM<MtNfsi(NfVc\i(NI<MiM 

OOOOOOOO^H^H^rH^pH I 
J 



MVQRD Beport hk23 

r»r-a>ooo000o03>ix>aoa>(0aoaoco 

00>-4r-(r-«C\J(NJ(\JtNi(M(MfMCl<M<N 

I 

■ ••••••••   •••••• 
(Mff>^(^'N^^^,^o»^o<«^o'v■■4■of,,- 

i < Li 1 * * 11 ii.llAJL 
O   OOOOOOOOOOOOOOO 

• ••••••••••••a* 
4■-«••*-♦■*•*•♦■*•♦■4••*■■♦•*•*-* 

r*     N«f»*io*r-oo»o>HtMc<>-*iA<o 
■♦    OOOOOOOOr-lr^»^^H»-»i-<^4 
fM 



NAVOKD Beport hk25 

I 

oooooooo 

'  '  • «  •  ' L 1 

0000«-«l-t'-«r-« 

• ••••••■ 

i^ Pi4 <»l O * Ift 

I     I     I    I     I    I    i     I 
<n       OOOOOOOO o     oooooooo •  ••••••• 

ITV  lA  iA  ill  ai ITI uV   tTi 

IMO^'lA'Ot^OOO» 
oooooooo 



NAVQKD Eeport hk25 

JL ■   l   i   l   l   I   I   i   i   l   i   i 

ooooooooooooo »   • •   •   • 

I  I i  I  I 
f- trt r- 00  4- 
•*< so m IA ce 

*   l   I   I  I   I   I   I 

ooooooooooSoo 

2 ^^tr;:<2,2"^^,?<i 

o 
I  I o o o §§§§0 

osooositiiii 

Ü 5if!? "♦ "* "• ^ •• o» o i-i CM «o ■* 



MVOHD Beport Mt25 

I 
(O ^>  ^O   ND  NO   ^3  ~A u> 

I I  I  1  I I  1 I 
lOOr-tOOO'iAO 

• ••••••• 

r-l  rH   (M  f» ^   ■* IT» 

I      I       I      I      t      I      I      t to     oooooooo 
o     oooooooo 

•   ••••«■• 
OOOOGOOOOOOOCOOO 

OOOOOOOO 

  



NAVORD Report kk25 

--« ■♦ i- 004iAa»o 

I   I   I    I   I   I   I   I 

r-< •••••••• 

f-l H «N « •♦ •♦ A 

3 

to 
o 

(  I I  I I i I I oooooooo oooooooo 

*•*      rj , . «• ir> sO r~ oo o> 
■*       OOOOOOOO 

] 



NA,VOED Beport hh25 

OPr-tOCMr-lf-«   it\ rt\ 

•}otfto>«r^inoN 

» 

•!!•I'ii 

»       f>-^)000000 

inoo^ + r-t^^"« 
^     <a(*»P-tootft*ot; 

r-t Ot (M IM        "f» ^ 

o 

i I I I J i ' • oooooooo oooooooo 
•   •   • 

o o o o o o o 

1 
4- 
CM 

oooooooo 



NA.VOKD Report kk25 

-\ 

vOiriuoiriininifv-*- 

I I I i I I I I 

^H ^-t (M CA -» -*■ ^ Ä 

tH oj w cn ■#■ ift in 

.- 

o 

fM 

I  «  I  I  I  I  I  I 
oooooooo 
oooooooo • ••«#«••• 
oooooooo 

oooooooo 



H/WORD Report hk25 

4- >0 .<■ fx ■♦ rsi^^ 
if\ in x» tn trt xvift* 

r~ ^ -i oo * ^«if\ 

4> 

l • i I I11J 
(sj^-i^or-inoooo 

M    •••••••• 

^4 r\j <N m 4- lA tA 

I  f  I  I  i  I 1  I w oooooooo 
O  OOOOOOOO 

• ••••••• 

1 
-*  oooooooo 



NAVORD Beport kk2^ 

D 

4" —I   00  tTi (N|  O  iA  <M 

•   • 

1   1 

• 

1 

•   •   • 

1    1    1 

• 

1 

• 

1 
if! iO N rVfM 00 f^ r-t 
(<^ 0> m O (^ <N 

r» >4> <<) 
0» (M 

sO sD f>. * !*> 
•   • • • •  • v0 r- •   • 

-*- 

(M 
r>4 

(•\C*>rMnjr-(r-tOO> 

^i      ^«-«eOvOrrtoooiD 
^ >H ex c<i -<• ^ lA 

o 

1      I       I      I     I      i      I      1 oooooooo ooo ooooo • ••••••• 

oooooooo 

j 



_ä(™ 

mVOKD Beport kh25 

♦ o 
■A m 
(M (M 

«• 

I   I 
vO o 

r-4 O 

tM O 
in o 

i   i 
tu     o o 
o     o O 

^ 
J^ 

o o 



r 
mVORD Report 1+1+25 

■ 

o 

*\ 

I 

■*■      o 

O 
r-l        a 

I 
CO       o 
o     o 

r-l fM 
-t O 



WiVOBD Keport 1*1+25 

in 

I 

t 

i 
o 

o 

m     o 
a 

I 
o 
o 

i O 



NAVOKD Beport kh?^ 

•-4(xrM(Mr^f-4>~4t-< 

I    i    I   I   I   I   I   I 

r-l   f>4 <M   («»««»♦  .* 
o o o o o o o s 

! 

o        •■•••••• 

r-l (Nj og pr> -*■ in iA 

•4-       OQOOOOOO 
o    oooooooo •   •    •••••• 

I OOOOOOOO 



MVOKD Report kk25 

) 

O-Of^OOOO^f- 
f»"* ># ^- -* ^- (TV c<( 
fMO<tS(MfM(NJfV(M 

I    I     I     I     t     I     I     I 
O-^^-i-ioOrMOro 

OOO^Hf-irvjcvjiM 

OOr-«rHr<JPy|<n(A 

-OOf^r-o-i-r^-^t CM 

o 
•-tin oor^inao>~«iA 

-H «N CM <»> * m in 

> 

o oooooooo oooooooo • ••••••• 
«JOcooonooocooooo 

OOOOOOOO 
- 



NAVOKD Keport hk2^ 

I 

• • •  •   *   • 

»> f- i> -o 

• 

en 

• 

t ^^g en 0\ t« 
<*■ o ^ ^ t 

o • • CM f^ -»■ >n -J» • 

■4- 
o •    •«••••• 

^^ fN OJ (»> •♦ lA  »O 

-#■      oooooooo 
O       oOflOVaOQOOOcOcO 

o in '/\ u". »A in irv in 

I 
fN4(<\^-in<dr~ajo 
oooooooo 

V 



NAVOED Eeport hh25 

<N o * t«\ r» o> ,-■> ^» 

•••••••• 

iill   *    •    *    1 

r>jr~ooaooma>o 

o      •••••••• 

P* >0-*rH(OvOf«\00 
•H Ol  CN« «  ^ if» ^» 

o ggoooooo 
•••••••• 

oooooooo 



- 

MVORD Report hh25 

:) 

o 

o 

-*rgrgO\0Ovn(M.-«<N 

I   1   I   I   I    I   I   3    1 
inrriooaooojo^  CO 
OfNi'Ä'-tOOf^OOtMvO 

• ••••••a • 

• ••••••• • 
4)(*t<a9<rgiric0r-io 

rH (M OJ C» * Irt MJ 

ooooooooo 
ooooooooo 
ooooooooo 

1 

»-<      ojrf>-*'in>Or~ol>o»o 
♦       00000000<-a 



MVOBD Eeport hh25 

W 

I  I  I I  I  1 I  i 

OOOOO'-''-«'-* 

■ 1 
rg 

000O'-^'-^'-<'-«'^' 

•   •••••••• 
4-oovAfoor»mfv*o 

^ (NJ «^ (^ * ift •O 

•♦       OOOOOOOOO 
O       OOOOOOOOO • •••••••• 

\ 

(M('i-*ir>>or-'X>w>o 
OOOOOOOO"-« 



MVORD Report Us^ 

. y 

I    <    I    I 
t-HtVIOI^-OO-^-O^sOO 

Or-t^oOOOOO ooooooooo 

•*-*00(n(*l  O <!•  .*• 

ooooooooo 

« >0  » r-«  <*»   s» O«   r-4 ^-   O o •«••••>•• 

r>l       rrir-tcOiOt^oc^mo 

♦  ooooooooo 
o  ooooooooo 

••••••••a 

OOOOOOOOr-t 



NAVOED Beport hk25 

J 

COO^-tNjrr,QOO>00 

0.-l--t(S«tNJ(M{SJ(NJ 
oooooooo 

oooooooo 

o»  a» o (A -o on ^< o-> o 
o   •••••••• 

r-t r-« (M <»> ♦ ^ lA 

-4-  OOOOOOOO 
o oooooooo 

foc^^fo^^^p^ 

rH    rMcn<4>in<ar>ooo 
-#    oooooooo 



NAVORD Report hk25 

D 

■ 111 

lA^4"U>^^f O (NJ c^ • ••••• ••• 
—«t-4(Mrg(nr-icgr-4 

0 

rOfMr-ONinr-toooio 

ooooooooo 

I   I  I  I 
-3'rM<0<>'l^(Mi-t<\Jr-4 

ooooooooo ooooooooo 

fM^fHiAO-*- oomo • ••••• ••• 
■*'(M0<<4-4'<-H00<4>O 

■-•■H(NJrt* <«• uA O 

■*   OOOOOOOOO 
O   OOOOOOOOO ■ •••■• ••• 

(M<M(\l(Mf\irMI>4<MfM 

OOOOOOOOr-. 



NAVOED Eeport hh25 

} I    I   I   I   I    I   I 

in-ftntotMOOOO 

oooooooo o 

I 

I 

I   I I  I  I   i  I   t   I 

OOOOOOOOO 

r-t     o»cMmr-ofxin<oo 
f-l «••«•■••* 

U\       OOOOOOOOO 
O       OOOOOOOOO 

I •<•       OOOOOOOOO 



NAVORD Eeport hk25 

J 

CO r^ oo >»■ o ■<• ot>  O "- O 

i7>ooMoccf*>oir>in 

i-i-*ocn(T)r-tooor'»a> 

OOOOOOOOOO 

i i i i i I I I i i 

oooooooooo 

f>i ^-ttouno-rcocrir-rHo 
»H       •••••••••• 

eg    ■♦«•-(©»locir-iooino 
■"Hc-tlMfl^-i-Lft^ 

in 
o 

(M 

OOOOOOOOOO 
OOOOOOOOOO 
• •«••••••• 
OOOOOOOOOO 

r>j(«i.3-ir»sOt"-ooo\Ot-t 
OOOOOOOO^Ir-« 5 



f 
-4 

NA.VORD Report 41+25 

jf wt <r in ift o o IA -^ 

I 

s 

I   t I   I   I   I  I  I   I 

ooooooooo 

I  I I  i  I  I I I  I 

OOOOOOOOO 

fH 

« 

CO 

•     • 

■* o 

• 

fO 1ft f^ o o 
r-( • •   • • •   •   •   *   • 

* 
(^ o cn >o a> tNj in o» 

IM «rg Ov go c^ —i oo in 

1 

rH 

1 

CM C^ •♦ •♦ 1ft 

1      1    «     1      1 
in o o o o o o o o o 
o o • 

r-l 

o o •   • 
r-4 rH 

o • 
r-5 

o o o o o •   •   •   •   • 

—)       rM{n-*if\>0<~-000»0 
*     oooooooor-i 
(M 



-,-.^4- 

NAVOED Report kk25 

D 

)     I    I     I     I    i     I 

ooooooooo 

I   I I   I   I  I   t  I  I 
'-•■-IrHO^r-OlCOO 

ooooooooo 

1 

\ 

rx 
•••••••■• 

■♦f^O<ni»-Of«>vOO 
fnooomrxof^^o 

in 
o 

♦ 
rw 

I I I I I I I I I 
ooooooooo ooooooooo • •••••••• 

<Mfo<-m<of~-ooo»o 
OOOOOOOOr-a 

.; 



MVORD Beport kk2c: 

t 
Nay0aOrH(<>OO<O'd 
ifl4-00<0'~--*0,f^ 

ooooooooo 

s 

I   I   I   I   I  I   I   I   t 
oo<OOi-<r-r-iAooo 

OOOOrH-lr-«r-lrH 

•   ••    •••••• 

I 
o 

I I  I  I  I I  I  I  I ooooooooo ooooooooo • •••••••• 

oooooooo-« 

J 



NAVQRD Report  hk25 

J 

I 

oooooooo 

l   I   I 
O O O 

I  I  I 
W   CI   r-i 

D 

(M 

•  ••••••« 

'-i CM oj « ^ ^- in 

.     I   l  •   i   «   I  I  I 
>«     oooooooo 
o     oooooooo •   ••••••« 

IM 
oooooooo 

) 

..   ■■ ■ ■ . 



mvOFJD Beport hh25 

» 

OOOOO'H'-t'-« 

I 

I 

I   I  I   I   I  I   I   I 
O.-iifia0rf\f\jiAc\i 

OOi-li—'•-<'Hi-404 

r~      oorMi>-i-«iAo-*0 
r~i •••••••• 

r-4 pg tn <^ •♦ in «o 

I 
a i i I i i i i -o     oooooooo o  oooooooo •   ••••«•• 
lAifttrvtAmiTiiAin 

•*•     oooooooo 



NAVORD Beport kk25 

.) 

i  ^ 

OWo3rg>OOiAr-4tfk 

00 f^- r* f^ ^ so ^OiAiA 
<M(M(N<Mf>4rg<\Jf\J(M 

r-tpOiACOi-H^iA^OO 
OOOO'-Hr^r-Hr^rH 

*       I      I       I      t      I       I      I      I 

OOrHr-t^toirvfMrx 

(N 

O-»r-^-(-*c0^iAo 

Ci O •"- "A tM 
^ c^ ^ö 
0\ r» * 
<T> * A 

.0 
o 

i i i i i i i a i 
ooooooooo 
ooooooooo 
« •• ••• ••• 

\0  «O ^O ^O *0 yQ  *0 "-O   -O 

ooooooooo 



S^S^ifS^SWi 

NAVORD Report hk25 

O0'-t'-''M'N(>'cC,<'1 

I  I  I   I  I  I   I   <  I 

•   ••••■••• 
f-  ^ ^-  f^.   ^( ^   00  'H  O 

I I I I I I I I I 
-O  OOOOOOOOO 
O   OOOOOOOOO 

coconcoooaooocooo 

88* 

«Mtn-rm^f^-ooi^o 
oooooooo>-« 

... 



IIAVOED üeport kk2^ 

) 

0»oaOincri'-«>>r~ 

I   I   i   I   I  I   I   I 

Or^tMtNtA-*'   ■♦in 

, 

o •   ••••••• 

i-t <M rsi ff« ■*  -t IA 

o 

(M 

i i  i  i  i I   i i oooooooo oooooooo • ••••••• 
oooooooo 

oooooooo .( 



I 

NAVORD Beport kh2^ 

O^0'-tO'*-<'-*'-,a0 

S 

I    t    I    I    i    I    I    I    I 

ri       ii>>Of>-COOOO>0>-tO 
fS| ••••••••• 

I 
o 

I I I I I i I 1 I 
ooooooooo 
ooooooooo 
•   •••••••• 

CM(Nf>4r^<N<NfMtMPsl 

OOOOOOOO'-« 



1 

NAVOBD Beport hk2: 

<t o * 
-i <o t 
•t «\ ;f\ 
rg (M (M 

-JD ^ -o 
■t m cri 
vO 00 -1 
CN rr\ ■O • • • 

1 1 o 1 

r~1 r~i ■o 
iA o rH 
ro in co 

CM 

-* (\i o •   «   • 
<N (N  O 
ur» vO o 
rg <^ vO 

o 
1    1    1 o o o 
o o o 
-*•-*■■♦ 

rH fM CO   -♦ 
-*     o o o 
rg 

' 



N/WORD Beport kk25 

• 

a 

I 

O o 

■«     o 
o     o 

\ 
<-l IS 
•f o 
(S 



NA.VOKD Report hh25 

oo in og 
00 O f^ 
4- in in 
rg fNi (M •  •   • 

r~ -* (N 
!N ■* CO 
« r- iM 
tn <t ■O 

•   • • 

1    1 1 
if« t»- o 
-o o .* 
O r- o 
m -o c^ 

) 

■* •t  r-< o 
CM •     • • 

If 1 rf> o 
rg ■•■  l« a 

«\  -*■ vO 

1      1 i 
-O o o o 
O o o o 

co 00 09 

o o o ) I 



NAVOKD Beport hk25 

i 

O» .-i r- ^ O 
0> r-« o —• <♦> 
* IA in iO ift 
(M C* (M fVI (M 

I 

CM 00  00 -*•  ■*• 
o in oo ^ o 
eg r~ 0> in rf» 
ro -3- r^i in <0 
•  •   •   •  • 

1    1    1    1    1 
r>. f»\ ro O !> 
o in -a- -4- <o 
in i~- >o o^ o 
<■ .o in h- o» 
•  •  •  • • 

in ci t- * i- o 
■>•••• 

rH 0^ *o <M o 
^in oo to o 
to ^f m in -o 

o 

I   I   I   I   i 
o o o o o 
o o o o o 

1 
00 00  CO CO CO 

rH (Vj  -*   CO   m  >J3 
^     o o o o o 
fM 



NAVOKD Beport 1+425 

) 

>-»>*• co rg ^> »> 
•-«•-<.-« (M cA ro 
IA iD IA iT« in >A 
<M tsi rg (M rg (M 

rg r^ <r o o rH 
CO tn rg m rg (N 
00 •' ■* rg O .I 
rg * if ^ >o 

I i I I 
O ift O r- t-. rg 
0\ f>- ^ c^ 5> ir> 
O •-I rg ■* O —i 
-*■ m >o f^ oo o 

<o 0> O —I -t o •   ••••• 
O IA o» rg ^ o 
oo ift rg o f"- o 
rg ro * tf\ in sO 

O 

I      I     I      I      I     I 
o o o o o o 
o o o o o o •   •   •    •   •   • 
00 00 00  CO 00 00 

o< fo j- m vo r- 
o o o o o o } 

,'':■t',",' 



HA.VORD Report  1+^25 

in .*• oj oo o» 
Jv C(J   0%   CO  QO 
tA iTt tn IA uS 
rg rg <M IN M 

O^ o (N in r- 
g» co ^ (M vf> 
ro -^ 00 (*- o 
fO ^ ^ LA NO 

I I i I  I  I 
r>- rH -a- o 

00 0> ^ ^ O 
o -< (N m r^ 
iA o ^* oo o» 

.    • 
CM a> 
lA (M 

4
9

7
.6

 
5
7
0
,7

 
6

0
0

,0
 

o 
1   i 
Q O 
o o 

i   1   1 
o o o 
o o o 

co oo co oa oo 

fNi CA   •* IA >0 
O O   O  O  O 

f 



NAVOKD Eeport UUa^ 

'■ \ 

f\» rg o O if» 
•H rH tsj -* in 
*t\ iTl J\ ITI it\ 
t\j tM rg (Ni (Ni 

ro o ^n ■* o 
fl O (^ r^ 0^ 
O 33 in rri (Nj 
ro f^ ^ tTt vO 

I    I I J I 
i— (NJ o {?> r^ 
O ■-< c- oo m 
rri -* ift r» CM 
^ ir> -a r-- a- 

CO -* lA CJ> o o 
(M • • • •    • 

r~- O fN >o o 
f\i ON r-- ■* ■H  O 

<~\j 

1 1 

ir> vo 

1   1 
>o o O o o o 
o o O o o o • * • •    * 

oo 00 co 00 ao 
-H —( r-* r^  rH 

^) INJ CA <(■ in >o 
■» o o o o o 
CM ] 



mVORD Eeport 1+425 

-^ -*■ -A -r\ -f\ LTI ~o -o ^> 
(NtM(Moi(M(NO>ifNJf>4 

CSl-4-OOOOv-*OvOrH 

! 

* 

■ i i ; i 11 i i 

•   •*••«•   •• 

t 

1    1    1    I    «    1    I     11 >o  ooooooooo o  ooooooooo • •••••• •• 
ooooooooo 
c\jrvjrgrg(M(sj(M(Nj<M 

r-t      <Mro-4-ir«vor-coo»o 
•*•       OOOOOOOOr-« 



NAVOBD Eeport hh25 

D 

"; 

va eg in CM 4- 
(N| ■*• rj ■-< o« 
GO r^* oo t1» vO 
f-l (M f-« CM t>J 

oo r^ \0 r^ f^ 
CO (^ lA O o 
O* IA >0 O f** 
l/> fO  00 tA lA 

I     I I I     I 
rH ,3- .3- 0\ r~ 
r- o «O <Ni o 
»O O eg •* ro 
iTV O 00 CO O 

3 

o r-i ro h- <r o 
tn •   •   •   •   • 

tA CO  O f^*  O 
^4 CO  O 00  lA  O 

0^ ■«• -* lA vO 

1    1    1     1    1 
tO o o o o o 
o o o o o o •   •    •    •   • 

CM ts( rg (Nj rg 
(NJ N rg rg rg 

.~4 csj ci <*- in vo 
J- o o o o o 
INJ 

) 

L 



I 

mVORD Beport hh?.5 

oooooooo 

OOOOOOOO 

,_!      ooaoooaocooooocrt 
o •••••••• 

OtMlftQO'-t  ♦ f» J 
(<\     ln(<io^^(M»;(*} r-t tsj oj en -r •* iA 

I 
oooooooo 
oooooooo 

■*  oooooooo 



NAVOKD Report hk25 

lA kfi   J-  1^  O  > -1 (N 

II    18   1111 
*moooocniAf~ 

.-tifvrgOOf^O»-* 1) 

ooooooÄ^r^f^-o fSI 
o 

—t tvi (N «^ ^ m vO 

I«-  oooooooo 
o  oooooooo 

CO0OCOCO00CO09GO 

■*     oooooooo 

- 



NA.VOKD Report hk2^ 

i 

,-11—oocoin-*—too 

t   t   I   I   I   i   1   I   9 

x> 

• 

o 
vO 

r-« fM (M (O •* IfN lA 

ooooooooo 
ooooooooo 
•   •••••    ••    • 

-<»• 
(N 

oooooooo--« 



NAVOHD Beport 4425 

) 

ny eO co oo t»- r>- r- f~ 

II    I   «   I   I   I 

O (NJ rH o^oooin 

ro r\j co ■4*0«Öf—too 

o      •■•••••« 

<-i CM <M <<\ * ^ in 

f"      oooooooo 
o      coaosoaocoooaoao 

•   ••«•••• 

•*     oooooooo 9 

■ 



mVOKD Report khZJ 

r-lf^O«f^lO'*^,^■*■ 

(MMtMt>|(MfM<M!M 

1111(011 

o        •••••••• 
(MiACO:-i-#',~'-<r~ 

r-l f>» (O f0» ■<■ 'T* "^ 
ro 

oooooooo oooooooo 
• ••••••* 

I r ^ oooooooo 



NAVOKD Beport 4^25 

) 

-»■inr-ooocooo 

I   I   I  t   I   I   I   i   I 

OOOOrit-trHpgrg 

O •    •••••••• 

I-« ry| 04 CO <«> ^ 

D 

f- 000000000 
o  000000000 

000000000 

rsi^^invor^-oooo 
OOOOOOOOrH 



MVOBD Report kh2^ 

r-i r~i aa co rs) 
lO  -* -H fNJ ^ 
00  CO O   CN  O 
(A f» CO c<> «> 

I   I  i 
o <o >-l if» o 
rH f\J o o O 
o o o o o 
o o o o o 

I r-t X* 1^ * r- 
<> m IA (N OJ 
N -o & (M -t 
o • o • o • • • 

r~ o m 00 r^ ^ 
o • • • • • 

OJ >0 Ov «> ^ 
M lA rsi ON f- -♦ 

r-l r-* (Ni (<> 

l«. o o o o o 
o o o o o o 

\ 

\0  \0  %o  \0 \jQ 

<M CO  -* Irt >0 
o o o o o 



•■ 

NAVOHD Report 1+425 

i— r«- ^- iA -^ (V (■< 
r^ « ^"- to .-< .# o 
to <«< o> -^ r-"» f\J fO 
•*• •* to 4- -*■ ♦ * 

iD (M vO >0 CO rg (N 
rg <0 r-i co a) oo ^ 
O O O O •-• r-i IN 
o o o o o o o 

to oo ■«• o m o» o 
<M to a» o if» rg o 
r-t tO IT» 00 0< r-l tM 
O O O O O i-t r-t 

1 

oo     i-«inoo<Nin(Ji<M 
o ••••••• 

0* CM rf^ 0>  OJ lO ff> 
«O       ■»»MO*>O-4''-t00 

tH t-< <M tO <f  ^ 

I--  ooooooo 
o  ooooooo 

(Tk 1A ITS lA tO tA iO 

■-<     fvjfo-*m>ot—ao 
>*•     ooooooo 



NAVOEE Report kk2^ 

» 

i-» 
in 

• •     • 

in oo -» 
■o <r\ -* 
o ow 
o o o 

I 

» 
o 

o* >o f*^ 

fl -* "Ö 
o o o 

-o o o 
• . • ' • 

o in o 
-o ^o o 
(M (^ 'J0 

O 

\ 

o o o 
o o o 
c^ Ci <<> 

r-«  ■   (M r^i -* 
*       O O O 



r 

MVOKD Report kk2^ 

) 

I   i   I   i   I   I   l   I   lit 
OCM-*0«-t'*in»>>-l'*r-«rH 

oooooooooooo 

o 

I 1 I I 

OOOOOOOi-«rgtMN(N 
oooooooooooo 

J 

t-  fM 1^ (M  •« rH   >0 ^» «O -Ö -o o , - , - ,..'••••• 
O^C^O'OOOitMvnoOf-tO 
cn<00*^i-i4-c<gO^«0*0 

OOOOOOOOOOOO oooooooooooo •    ••••••    ••••• 
»MC>JtM«M(MfM(\ICM<Mr>JCJfM 

r>jo-*if»»or~oooxO<-<NJ*> 
OOOOOOOO'-«'-''-«'^ (] 



NAVOKD Report hh25 

I 

I    I    I    1    I 

oooooooo-<>< 
000000000 

1   i   i   i   1   1        ■ It 
^•rHOOr-Of"-^-*0» 
OO^oOf-rOO'Hf^'-* 
O-HOOOOOOO 
000000000 

rH       ojmr-eooo<<^'AO 

r-IOf»>>O.Ot*>>00>0 
<*)      tnooiorMO«""-*^© 

rs rg ro c«^ •♦ if» -O 

O O O O Q o 
OOOOOO 

0 g 
0 ci 

I rH CMO-tflOvat—  coo»o 
^ OOOOOOOO'-t 



r 

NAVOED Eeport 4425 

■ J 

*■ 

00<-l<-«rHPJfM(VI 
oooooooo •   •   •   • 

1 1 1 1 

• •   •   • 

1  1 1 
»  OMO  CM o o» m rs. 
00   «   (M   (- OJ 00 OS f- 
O >-• «Nl (M 04 ^ Psl (M 
o oo o •   •   •   • o o o o 

•   •   •   • 

4ß 

3 
fH •••••••• 

r-t rt rg (M ««l * irt 

I*   oooooooo o   oooooooo • ••••••• 
oooooooo 

oooooooo 



MVOKD Eeport hh2^ 

S 

OOOOOOOOOOO 

■ I I I I I I I I I I 

OOOOOOOOOOO 

>OOt^fr»Oc<>>OOrM<Oo 

I 

1 I 1 I 1 I 1 1 | 1 
o 

1 o o o o o o o o o L) • • o • 
f-H 

o • O • 
r-l 

o • 
r—» 

o • 
i-H 

c • o • o • o • 

*        OOOOOOOOr-..-.2 



NA.VORD Report 4425 

) 

5 m ^ t'i Ö rg <o ■»• 
O r« ^ rw «e 4- ^ 

ooooooorg 

•   I    I   I   I    I   I   I 
moiNf-^cooor«-^ 

OOOOOOOrH 

■*      '-•inaorg^-rsjiAO 

»-• rsi rg (f) 4- 4- ^j 

D 

il   r i  i  i  i | 
oooooooo 
oooooooo •   ••••••« 

oooooooo 

> 



"""Üi 
..,,,ii , ;, 

NAVOKD Report 4425 

t 

oooooooo 

p 
I I I I I I I I 

OO OOOr-'iH«"' 

i •♦ -* >o -H (\i (M (<N 

I • I 1 I I » I 
r-  oooooooo 
o  oooooooo 

• ••••••• 

J .*•  oooooooo 

• 



I 

NAVOKJD Report kk'^ 

O O co rsj i-i ^ o^ 
■* O JO >o ,» 4- in 
r-H 03 ^> r— f> ,~^ ._( 

sf («1 (T» en (<> * * 

I III 
f*-   r~   09 Oi r-l   i—1  (Tl 
(N O oo r- r^ ro ^ 
O  O  O O O  r-« rH 
O O O O O O O 

D 

i 11 11 11 
iTi en r*- fsi o CNJ co 
•* i-H ift r-4 iTv  4- m 
<M ir\ f^ (H o ■-« (N 
O  O O  O >-l  rH r-( 

CO   ^  »-H   CO   ■i"   ^O  CO ••••••• 
o (\4 NO o IN in oo 
f^ in CM a« r^ <■ ,-< 

■-i <\i fM ci -T m 

^ 

I   I   i  I   I   I   I 
f^      ooooooo 
o      ocooooo •   -••••• 

•*•*■*■ -i- <»■ ^ ^ 

(M c»l ■* in vO r~ CO 
OOOOOOO 

j 



NAVORD Report 4425 

oir>r---<üO!>coo 

I    I    I    I    I    I    I    I 

oooooooo 

00>HrHr-li-Ht-<f\( 

r~        CM u-\  du tNJ  IT.  O» v-O  o 
f—I •••••«•• 

rH-S-r-r-t-i-f— r-tO 

i-H (M (\J O ■* lA >0 

I  I  I  I  I  I I  I 
OOOOOOOO 
oooooooo • •••• ••• 
iOtAiAtrtLDiriLAiry 

oooooooo 



IJAVORD Eeport hh2^ 

o O va sA CO -i- rtl 
rg (M r- <M wf\ r-" o» 
rg eg pg t^ fO to c<> 
o (^ c<^ c*^ (*> c*\ fO 

^ ^O LP\ QQ co o rg 
f. r»- o »O >-< ^- O 
I-« ro irt if\ >o «O r- 
o o o o o o o 

I  I  I I I I  I 
r- 00 oo oo .-H rg <\j 
^ 00 sO o O iA '•O 
^ O lA 0^ <M 4- O 
O •-<•-< i-^ IN <>* fM 

rg m co rg IA o rg •   •   • •   •   •   • 
O W vO O t^  ■J' o 
gj n o oo if» rg o 

^ rg rg m -sr vA 

1    I    I     !    I    I    I 
r-       OOOOOOO 
O        OOOOOOO 

•   •••••• 
tO vO vO O vO  >D O 

1) 

0 

rg 

rg («^ •* IA JJ r- co 
OOOOOOO ] 



MVORD Report hk25 

> 

0»0>OOOOOr-» 

OojoOr^O'-HtNiO 

OO'-«"-''^'-*'-''-« 

I i    I    i     I     I     I     I    I 

oor--*oinc>»c<tr~ 

r-< OJ   fM d   -I-   lA   »O 

I     I      I     I      I       I      I      I oooooooo 
oooooooo 
■ «••••••• 

coooootooococoao 

I •♦     oooooooo 
CM 



NAVOBD Report kk25 

') 

iaf 

t— oo oo uA in tsi •>• ■* 
inO'Är-iiAaöO^ 
Or-<'-i(Nrj(M(n<<< 

o 

O 

I     I     I     I     t     I     I     I 
>OOOt\JOOif>cf(CT> 

ooor^vo^-ttnoo •  •••«••• 

^< <M csi co •* m >o 

I  i   I   I I I I   I 
oooooooo 
oooooooo 

oooooooo 

LJ        ! 

•* 
rw 

oooooooo 



NA.VOBD Report hk2^ 

^^>r- f^ «o ^ ao i^ 
c*\r^o<^irtcAooo 

I    I    I     I    I    I     I    I 
i<\ t~ CM tn r*. r*- in c*t 

1-«     r-tir>oo<Mir><?«t-<o 
f\i       •••••••• 

iH »-* (M (*>-»■-*■  -O 

I     I    I     I     I    I     I     I 
f~     oooooooo 
o     oooooooo •   ••    ••••• 

rgtNfMrgrMfMrvirg 

\ 

OOOOOOOO 



NAVOKD Report hk25 

) 

orvjun-j-fNfooo 

I   I   I  I  I  i I   I 

min of^in^4f»o ) 

(M •    ••••••• 

f-4 «M PJ («"i •*■•<■ <0 

o 
i i  i  i i i ii a oooooooo 
OO  OODOOO •    ••••••    • 

(Mr»»-*!««©»-"««»» 
oooooooo 

] 



-  -i 

NAVORD Report kh2^ 

(- r- (-. f» ocör-f-l»- 

i   t   i   i   I   i   I   I   I 
>o.-tf«.-to»Mf-o»in 

in >-vj o oo n o ao IN i^ 
Or-ti-trxrOiAf^O^O 

{<»      r-r^Oinr-ooocMin 

Of^   ■»oco»oo«ioo 

l-f F-t (\J (M (<\ 4" If» 

I I I I I I I I I 
r~-  ooooooooo 
o  ooooooooo •    «*•••••• 

>o *o ^o *o ^0 so ^o -o ^o 

! 

OOOOOOOOrH 



mVORD Report Mt25 

D 

~t -t  4> 0> m -4- CO 
(^ r-<  («\ h> GO CO  00 
(«• ^» f» fr» P» f» f" 
o» CM <M (M rM r>< (M 

s CM (7> 00 in 4 -^ 
r» i-4 co »^ rn o 

Ol ■-« >H W> CO -O  O 
O ■-' IN (M t^ * ^ 

I     I      I    i     I     I     I 
O c*"! oo rg r-i fi O^ 
o ■*• f~ »n •-' »fl f 
iO O^ *^ '"^ ^ •"* 00 
O   r-*   <** ^ ^>  00   00 

' v 

PH   -<•   Ifl O r-t  fO   C^ •   •••••• 
(X   lf>   CO r-I  ^   f-   f*» 
(O  O ^- m fM O^ ^ 

^-t   •-! (VI CO  Cl   •♦ 

«  I  i I I  I * o o o o o o o 
o o o o o o o •   •••••• 
00  CO  CO 00 00  00 00 

CN o •♦ m >o f^ oo 
o o o o o o o 



mVOBD Report kk2^ 

f"*""  CO CO 09  00 0O  00 CO  00 
f>J<M(M(MO|tMr<tV(M 

i 

s 

I t I i I I I i i 

C<»f-0-*t»-r-»-*<4>0 • ••• ••••• 

I I i I I i I I I 
ooooooooo 
ooooooooo • ••• •••»• 

t ooooooooo 



NAVORD Report hk25 

(ncvoifioocMOv oor~ 
o r- ^- aj r-< (<\ ro ^-f^ 
r-«  O vO  00   O  -<   (M (T( (N 

f-« r-t  rH i-( t-< o o o o 

I   I   I   I   I   I   r   i   I 
inrsirHcvr—ooco^- 

O'-Hi-i.-sjfMf'ifotntn 

«O        uO  H) (M u> ^ r-j ,0  <J> o 
c^ ••••••••• 

m00(MlD00(N|(A00O 
ro 

:) 

I  •  I  I  I  I   I   I I 
000000000 
000000000 • •••••• •• 
r-i^r>-r~f^.r-i^-t"-r~ 

rv(<«>-*mor-ooo»o 
OOOOOOOO^-i 

Q 

1 . .... 



NAVORD Beport kk25 

o -* u-> o n oo ■»■ a> o o 

I I I I I   III 

oooooooooo 
oooooooooo 

OOOIMlAlrtC»-*"'»-©»© 

oooooooooo 

^•i>i>00C0l300000v£«O • ••••• •••• 
<*»o»(MifvoOr-«-*r-ooo 
r^iDOO^iAf^O^^O 

to  OOOOOOOOOO 
o  oooooooooo 

• ••••* • . • • • 

i 
IH  (M««»-*m>or-ooo>0'-< 
-»■  OOOOOOOOrH«-« 



NAVOBD Report MtöJ 

) 

I    I    I   I   I    I   I   1 

OOOlHr-«i-l<-«i-l 

CM 
o 

04 

3<i> oi m m ir\ o i-i 
o <B tn a) in o o« 

u">fMf^r>4-OOrf\>0 

rr«4-4'in<ar~ooo • ••••••• 
inco^<-r-ooo 

rH OI fM «*( -* lf> *» 

oooooooo 
oooooooo • ••••••• 
cococooocoooaoco 

r<ict<4-in>0r->oook 
oooooooo 

0 

,..■■■.;   ■■■ 



MVORD Keport hk25 

» 

I I I I I i I I > ( 
t* <» t* M r* a» o w* 

I 

I 
o 

OOOOOOOOOO oooooooooo 
fM(N4CM(Mry((MfM'M04(M 

I 
♦  OOOOOOOO»H<-« 



NAVOBD Report kk25 

I    I   I   I   I   I   I   I   i   I 

o 

oO'-<«>»«r>>n^-cooiN 

•   ••••••••• 
^4 if» O« «*» O >'- ift CM 0> O 

■-• (M (M m ^ -^ >0 

3 

»     oooooooooo 
o      coooooooooooooooaoao 

irtiniA>AiA>AininiDiA 

fV4 
OOOOOOOO^r^ N> 



mVOBT Report hk25 

1   ■    *    *    *    1 0» t«- lA f* fl» ♦ 
» N N (M O lA 

I    I    i 
• <* » 
9 fH «•   - 

•   ••••••• 

I 

t 
in r-lftf-tOOftOtrSC 
o       ••••••••• 
4-        ^-i-tajvDrOr-icOvno 

00     ooooooooo 
o     ooooooooo •   •••••••• 

-*■*•*■■*•♦•♦•«••«•■* 

I f-<      r«ic*>-*if><«r~oo»o 
«     o o o o o o o o-< 



MVORD Eeport 4425 

o o iA -*■ « P« 
•* (M O 

o <o 0(0 
■-4 IM m A (v o> >n 
(n04'4-NfM040404f«pi| 

II I    I   I    I    I   I    I 
<4'0>lOrHf>».*0«OfOt- 

OOOi-ltHOjfXcor''»^ 

r>4r>ICr>oajrnc»»-Crs)tN 
I<\ 00 O ^ -^ «> —< rri ^O O 
rv4>Oi>rHoaO>Or\if— iW 

9 
>0       rjm<rt^*in>o-*ajo 
O ••♦••••••• 

^ (NJ m rn >t lA j> 

00  oooooooooo 
o  oooooooooo 

• ••••••••• 
oooooooooo 

rM{ri-#in<or-000>0'-< 
OOOOOOOO-lr^ 



.„J . 

NÄ.VOKD Report kh25 

•  ■•   •••••• 

I   I  I   I   I   i   I   I   I 
(N  PH  »   r-t  <0   OJ  00  O-^ 

ooooooooo 

O   O   O    OrSr^^Hr-tr-l 

o ••••••••• 

I 
CO 
o ooooooooo ooooooooo 

vö'O-OsOvOsOvOgD'O 

OOOOOOOOO 



r 

.NAVOED Report hh2^ 

I I 1 I I I 
>ar-4i>-oo>0(^r*--# 

ooooooooo 

CO 
o 

OOOOOOOOO 

o>**-*-»-#-»^«o 
«« •-• •• • • • 
ooin»i-i-#i^o-*o 
^•eoiAcnof-mtMO 

•-I (M (*> o -* ir\ <« 

00   OOOOOOOOO 
O   OOOOOOOOO 

• •••••••• 

(Nm^iniOroMOto 
ooooooooo ) 



NAVORD Eeport kk25 

» 

t   I 
COOf--*'^-«'   'G   <0  ■«   r-* 

4-in^)vOO-»-<r>Jf,>J'M 

to 

i  i   i  i i i  i  i i   : 

oooooooooo 

o 

CO 

o 

'  '   ' ^ - 

oooooooooo 

•   ••••••••• 

«H CM fO   CO  •♦  lf>  »O 

oooooooooo 
oooooooooo •    •    ••••    •••• 
fMOJfMiMiNrvlfNirsifMfM 

\ 

•t       OOOOOOOOr-»--« 
CM 



NAVOED Report kk25 

0 

I I i I I I I I I I I 
0-*r~>orga\. -H^cDun^- 
i-lr-lf-400'H<*«<^<-«'00>-* 
OOOO—i—"O-HOOO 
ooooooooooo 

I I I I I I I t I I I 

ooooooooooo 
) 

oo 
o 
ooooooooooo ooooooooooo 

>-)      r4ct<4'in>or-aoooi-<(M 
*       OOOOOOOO^«-«'-« 



NAVOKD Eeport kk25 

• 

£'X 2 5 •* ^ •-, * <v <* 

) 

2?'^-,-,,-Hoooo 
OOOOOOOOOO 

I 

I 

« < I « I I I I I I 

OOOOOOOOOO 

•-* moiriir>irimi/»o oo 

i's-O00iA(Mor>.4-o 
rn 

i-H f-l  (\4 «>  4- 

-O O 

■*■ iA ^> 

I 
CO 

O 

CM 

o o o o 
o o o o o o o o o o 

o o o o o o 
OOOOOOOOOO 

OOOOOOOOr-4,-1 



NAVOBD Report hk25 

3 

9 

oooooooo 

I   I   I   I   I   I   I   I 
rN vO c^   * 00 m CO OD 

oooooooo 

CM       <N» CM (M (N4 CM rj iN r>j 

■* f-tO«<Of<>r^0OtA<M 
■H CM ff» CO *  If» 

I  I  I  I 1  I I  I 
00       OOOOOOOO 
O       OOOOOOOO 

♦        OOOOOOOO 
CM } 



NAVOKD Beport hh25 

■4  <h ,:\  rv &> -t —i r>i 

oooooooo 

w 

% 

« I  »  I I I I I 

oooooooo 

-• <><  J-   «3 CO  O   O o 
<•■••••■ 

•< <N  (N (^  ^   ^- ^> 

I 
CO 

o 

CM 

1     1      I       I      I      I       I     | 
OOOOOOOO 
OOOOOOOO • ••••••• 

OOOOOOOO 



I 

NA.VORD Report kk2^ 

) 

. A 

oooooooooo 

i I I I I I I I I I 

OOOOOOOOOO 

4  t<\ov-4-ocoo^c-->mo 
■-'  •••••••••• 

0«>D(MiAa0rgiAC0t-iO 
•^      rg-OO^-J-fM^-O-^-O 

D 

> i i i i i i i i i oo oooooooooo 
o  oooooooooo • •••••••• • 

OOOOOOOO-«'--« -) 



mvOBD Report kh25 

I 

I 

■3 0000000 

-LX   '     I    •    I     t     I 
^ o (N ir> to -r> -tr» 

f\iif>000>OOOO 
OOOOrH^Hr-li-l 

ift      invooiorwcnrgo 
rH     •••••••• 

■H <M rvj tn ^- LTI >o 

I 
O 

«  I  I  I  i  t  I  1 
oooooooo oooooo oo • ••••••• 

oooooo oo 



MAVORD Report kh25 

) 

<N>fViniA-«'(«ttr<i-tr<i ooooooooo 

I    I    I    I    i    I    !     I    I 

00>Hr-<rHr-«<Hr-4i-4 

1^ •••■■•••• 
OOrgiTicOojincOfVO 

I I I I I I I I I ooooooooo ooooooooo • •••••••• 

iMr<~i-«-m-or~-eoCNO 
OOOOOOOOi-i 



mV^BD Report kh25 

i 

r>. ^ I-H * •♦ <N <o o< « i^ -< 

ooooooooooo 

I III. 
■# c» o> ■♦ 
O -i (^ -0 
O r-l ct\ie\ o o oo o -< 

I   I   I   I 
Ä    N<   NO   « 

.1111 
Sif\ in <- og 

0* r* Q & 
4- <0 eo O O 

■4 <M fM 

t-i        ••••••••••• 

i  i ■  •  t  i   i i i  i a 
oo       OOoc>oOOOOOO o  ooooooooooo • ••••••••«• 

'O ^O ^O ^O ^O "^J ^O ^O ^D M3 ^O 

I CM 
O OOOOOOOrH>-«—< 



NAVOKD Beport 41+25 

) 

oi<oooiiAtrto>aov 
ooooooooo 
ooooooooo 

I I I i I I I 
lA O« iH 49 CO 4' 1-4 

aoooa»ino><drs('-<>rt 
OOOi-<'-<'-l<>«'M<v' 

J 
• •••••••• 
o-*r^o-*f*o>*0 

00 
o 

t I  I 1  I I i I I 
OOOOOOOOO 
ooooooooo 
«••• ••••• 

oooo oooo»-< ] 



NAVORD Report hh25 

-« * r» c IA -» ift 
r- -# 00 CO o O Pf\ 
M »<> (A cn IA •♦ m 
(*\ <^ ?n (^ CO (<\ cA 

fO   <«>   O   >*  *   If»   r-l 
■# O O -H ^f <*l C4 
-H ,-»>■* IA ^ in in 
o o o o o o o 

I I   I I I I   I I 
^ IA m <0 rvi 'O > 
oj A C» (O * ON O 
A O m 0^ f« -* f«- 
O  r-t r-< r-( ^J   (>J (M 

(~- r-4 ^ 03 rg m vO 
•   •«•••• 

>0 O CO >* O CO •* 
'O -f ft tO ■■O <Ti O 

r-t e\t i^l cf\ -t ir\ 

I 
CO 
o 

■r 

I      i      I     I    I      I      I 
o o o o o o o 
o o o o o o o •    •••••• 
t^ r«- r~ r~ r-- r— r- 

rsj rri j- u\ sO r- « 
o o o o o o o 



NA.VOBP Beport hk25 

. 

• 

I I I  I  I I  I  • 

(V        •••■•••• 

rH r\j rg c<"l ■* m «O 

3 

l i i  i   i  i   i   i 
00     oooooooo 
O       OOOOOOOO •   ••••••• 

ooascocooocococo 

♦       OOOOOOOO ) 
J   >. 



NA.VCJRB Report M-25 

^> en r-« O O (N ^ O 

I 

I 

I t I I I  I I I 

r>« (M (NJ It ■* ■* >0 

I  I  I  I  I  lit 
00   OOOOOOOO 
O   OOOOOOOO 

• ••••••• 
O O^ C7» o o o*o*o^ 

I •*       OOOOOOOO 
04 



NA.VORD Beport hk25 

.') 

I   I   I   I   I   I   I   I   i 

■a- 

• •••■•••• 

D 

i  i  i I  i  i  I  i i 
ooooooooo 
ooooooooo •   •••«•    ••• 
ooooooooo 

fMtn-*«ft>or«.ooo>o 
OOOOOOOOi-« 



NAVOHD Eeport kk25 

oooOf-r»r-r--r>-t-- 

Jr» N il> « CO O« <« 
!*> O* ^ O if* f"» iO 
•^   (M O fl»  f» f^  fV 

I I    I     I    I    I     I    I    I 

<<l r-<   r>   ^  <?   «S  r-<  ■*  o 
fs4 •••••••• 

^< (N ("«J <*>  ■* vft O 

! 

it ) I l l I I 
CD oooooooo 
o    oooooooo 

(MOIMCMCMOItMOl 

oooooooo 



r 

NAVOBD Beport U425 

e* it\ e* it\ r* f* r* r* 

IN 04 r>i ,~j nj fv^ rvi (N 

o -i M r^ 4-iri <*« 

I   I   I   I   I   I   i   I 
iT» ^  l>  00  rr\ !,>.  ,^    o 

• ••••••• 

^t rn («\ (»> * if» ^ 

-.    L ' 1111II a>       OOOOOOOO 
O       OOOOOOOO •   ••••••• 

OOOOOOOO 



NAVOBD Report W+25 

I 

I 

1 •   • • i '  ' JLii 

Or■<f^^^<^l^^r>-0^c^'-,<,,* 

(A > O r< N» rg >« Ov r^i o 
• •■••••••• 

00 
o 

I « I I I I i I I I oooooooooo 
oooooooooo 
• ••••••••♦ 

I OOOOOOOO"-««-« 



NAVORD Report hh2^ 

) 

-O C7' fNj rg (M 0"! t» r\j 

i> r-< CO iNJ ^j o f-« O 
■S-OcrWMOaOlTVrH 
OOi-tCMroe*. •♦lA 

I I I I  I I I  I 

>-l ■-• <M (Tt ■# •# 

I I I I I I I I 
CO  oooooooo 
o  oooooooo •   •    ••*••• 

CPCOflOCOOOCOOOCO 

IM 

eMtri-«-»n»Ot»00«>« 
oooooooo 



NAVOED Beport 41*25 

I 

11(1111 
(»«inr-i-ioo OiO-*^ 
OOOOrHtM^^lftlA 
oooooooooo 

CC   vO   ^    -4"   O   \0   C^i   ^-4   rH   o 

ooooooo—<•-<—< 

-■i       •-«aomoO(Ma>rgiAr-io o •••••••»»• 
«»■^■r-t^-oOO^f^OO 

t 
o 

•4- 
fM 

o o o o o o 
o o o o o o 

o o o o 
o o o o 

•«•■♦•J»--*^-«-***^- 

OCOOOOOOr^rH 



i   . NAVOBD Keport hk25 

: 

1 

i 

O 

t^-OOOrHOOOv»-*--* 

r~ aa 'O \0 At\ IA -*■ i/> tn 

111111)11 
O O t*- O f» >0.0> t'» —t 
0^ if» i-4 O P^ <♦! -i- ■* IA 

000>-4>-«<M<M<*><'> 

rsiN r-rsioo \0 (T> >^ 

ifioocMinff'OiMr-o •  •   •  • «"•• •   •   • 
lAOOiMiAOOr^sOOO 

^     ooooooooo 
o     ooooooooo 

COOO   CO   CO 00   00   OJ   CO   00 

r-<       ra(»^^iA>0^090»0 
♦        OOOOOOOOr-t 



NAVOKD Report hk?^ 

| 

1    1     I    I    I    I    1    3 

OOOOO'-*'-''-«'^ 

o •••••••• 
iAO\(Njinooi-t>oo 

r-t r>i  CM  C>  •*  lA  "O 

I 
o»  oooooooo 
o  oooooooo 

•  ••••••• 
(NirMfNJtMCMOJfMtM 

♦     oooooooo 



MVVQRD Report kk25 

') 

in -* -*• ■« .o f- ,_« ,0 ,0 

rMr^rMtMoiiMnirMo« 

I    I I   ■   i    I   I   I   I 
•^ «H O f* ■-• «0 «*\ 

inoooo-#o>HomK 

r-tPMCOOlA'Af-OkO 

o      ••••••••• 

O OOOOOOOOO 
O      oooocococooocooooo •   •••••••• 

tniAmmtnminmm 

-♦        OOOOOOOOr-« 



.„X. 

NA.VÖKD Beport hk2^ 

I  i   i   i   l 
co r> m oo iA in 

I I I 
O «« (N 

oooooooooo 

I 

o 

I 

<MO>f,»'OiA<M'4'*<-<0 
O0'-»cj'nooor>i-<'«0 
OOOOOO'H'-Hr-lr-l 

r-tt^-mr-toinr^oooo 

rH r<i fvj tn ■♦ ■* -o 

I 
o>       OOOOOOOOOO 
o     oooooooooo •   ••••••••• 

r*    fMci^m-or-Joo«©«-« 
♦       OOOOOOOO«-»"-' 
N 



NA.VOKD Report V425 

) 

«> SO •*   O CV   O O -l 
r-l r»  <<»  r^  P<J  r-« Ok 

» f" r~ ^ -o 'O ^ 4i m 
(Mt^tM(MPM(M(MrM(M 

tnciootiAmo^«« 

J 

CMO 

00r-(ro^^r-Ok^o 
Ok <« ^ <M o« ^ m o 

r-< r^ (S CO .* 
in o 

o>     ooooooooo 
o     ooooooooo 

aOGoecaooocococOco 

•«•      OOOOOOOOO j 



NA.VORD Report Mt25 

I 

I 

0>rj0J>0>O09OCNO 

Itititlii 

(NJ004'f\|O>0l»NO>0 
OO"—if^ff0 ♦ IA in 

■«•r-l00>Ot*>O'^-*—< 

l 
o 

ooooooooo 
ooooooooo 
r>jp«j(M(Mr<jr»j(NiOj<N 

OOOOOOOOr-« 



NAVQRD Report H25 

1 

-< r^ o in r- si» flo ^> 

I   I   I    I   i   I    I    I 

sO(<>Ot"-c<>i-tOt-< 

i-iiMm^-io-oao »> 

o       •••••••• 
Ok-44-tnr>o><-io 

^ ru «Mi^ ^r m >o 

o     00000000 
O      oooocococooaoooo 

■JS ttt tn it\ it\ n\ tt\ ie\ 

r-i rj m -*■ if» 4) f-« O- 
■♦ OOOOOOOO 
(M 



MVOHD Beport kk25 

■4 aa c\ a*(M<0 O o o 

^) r- ^)  »O >0 vO -O ^   "i 
(MCMIMOJIMfM'MMfM 

I 1  I  I I  I  I I i 

I 

I 

O if» >« I- <«>'-, 

mtf^f- o* o O <-< f* O 

a 
O^tn OOOOLTIOI^-'O 
*■• •••••• 

O«  OOOOOOOOO 
O  OOOOOOOOO 

• •• •••••• 

I ri  f« to ♦ rf» «ar-• » o *  oooooooo--* 



KAVOBD Beport U25 

I     i    I    I     I    t     I     I 
+ ■# r-l ll\ <-i •* <n (St 

(^•-•iA<otnin<<to 

XI 
<-• rH CM(*> ■♦ •#  <0 

»  00000000 
o  00000000 

00000000 

00000000 J 



-^ 

MVOKD Report kk25 

• 

o>0O(M-*r-^>O»r-. 
■*r-«00(«%«>>O0»in 

i    I    I   I    I    1    I    I 
f-'OOlf-tmOOO-* 

OO  Or-l>-'<MfM<N< 

w 

>a(^^r»^-iooiAr-i 

c-< OvO<MCO<J-0-00 
f-l •••••••• 

•-• f\4 rg co •* •* o 

o>     oooooooo 
o     oooooooo 

fl00O(O0OGO0Oa009 

\ 

•-<      rg(»>-*,iA'Or>-<oo> 
•*        OOOOOOOO 



MVOBD Report hk25 

) 

OOOOOOl-li-lrH 

in 

OOO^i-ii-tf<4rMfM 

•   •••••••• 
r-<m*<«r<-i-<r*-«'0 

- 

i-ii-tojc»l**iA>0 

ON 
o 
ooooooooo 
ooooooooo 

OOOOOOOOr-l - 



NÄ.VORD Beport 4425 

• 

■«orMr-iooiy'Oo 

I   I    i   i   •    I   I   I    I 

ooooooooo 

-i r- *o o <s r* f r* m 
^-< r\j ON O ^0  <7> 3> * f*. 

J\ 

•   •••••••• 

I 
o>      OOOOOOOOO 
o     ooooooooo •  •••••••• 

ir> IA IT, ir> ir\ iri '-r\ ir-i if. 

r-i       rg co  4- LA ^> r~ oo a» O 
■♦     ooooooooo 
IM 



NAVORD Eeport hk25 

I 
<<\it\r-nt\it\m\no*i-*r- 

] 

I    I    I    I    t    I 

OOi-iOOO—••-•(Nrj 
oooooooooo 

I  I 

ooo>Hcniri^ooo»o 
OOOOOOOOOr-t 

■f      t^<Aif\rgofl0tn(nrMO 
—f ••••••«••• 

rt (N <*\ («1 ^ in »o 

D 

o>  oooooooooo 
o  oooooooooo 

<        00000000--<>H 



--' 

NAVORD Beport kh25 

I 

in Oinooinooo«. 

OOr-tr-lfHr-lr-IO oooooooo 

I 

I 

unco.-^pr\,-iino-*- 

Or-ir\J^-lAiAin>£i 
OOOOOOOO 

m      OOOOCDI>O>.O-*O 
iH •••••••• 

O^r-ie^iAr^OC^O 
m     ir\<<»oP--»-ojo«o 

rt (M (N fT» ^ ^ o 

I 
O 

OOOOOOOO 
OOOOOOOO 
• «•••••• 

.M r-'i -*■ m -o r- oo o 
OOOOOOOO 



NAVOBD Report kk2~> 

I 

I   I 

•   •••*••• 
lA   fM «-< rt rH   •-< 

omiAce<M<0'H'H 

oooooooo 

I I 

OOOOi-trH^ir-t 
oooooooo 

ff>r-^>*(<<i-ioo • ••••••• 
t-«r>>mr,»o>f-tfoo 
f-^-r-ioOiftrooO 

r-« (M fM <*> ■# 1A ^> 

o 
oooooooo 
oooooooo 
rMf>jcMfMr»i(Mr^p«i 

oooooooo 



1 

NAVOBD Beport khZJ 

I   I   I   i   I    I   I   I   I 

I 

I 

i-H ff> *  lA  «-1 

ooooooooo 

I  I  I i  I   I I I   I 

OOOOOO'-tr^ O 
OOOOOOOOO 

•   •••••••• 
■a-fHOGiAmOf^^fM 

o 
ooooooooo 
ooooooooo 

I fMt»>-#-X\-«t~(000 
oooooooo-t 



mvaSD Eeport W25 

) 

I       III 

• •••••• •• 

OOOOOOOOO 

I        lit 

OOOOOOOOO 
OOOOOOOOO 

»  ^> O m >Ä o r~ <«i r- o 

ammcn^iAiAino 
mo^-r^oOiAO 

o 
OOOOOOOOO 
OOOOOOOOO 

#-«       otto ^ lA « I-C* «> O 
■»        OOOOOOOOO j 



NAVORD Eeport hh25 

i   t   I   I   I   l 
o co o in m o « <*» o 
f- in o r* & •* *o o * 
rsiin Of^m-Hoo-* 
ooooooooo 

i-«r-«c<>inr»r-«OoOoö 

ooooooooo 

I i I I I I I I I 

^•-i<Mrs4r>j(M(Mr»lM 
OOOOOOOOO 

l> r-0-#f-o>*'-'-to 
I-« •   «••••••• 

I»ooooa09t0<9>00 
infvio»<o<,>o^'no in 

r-I^Hf«J<«»-«,-*tn«0 

a< 00000000° ooooooooo o 

ooooooooo 

I >4- 
CM 

fN««>'*in>of-oooo 
OOOOOOOO'-* 



-_     _ At. 

NAVOKD Beport hh25 

) 

I   I   t   I   I   I 
ffyOOfMr-coooOr-« 

ooooooooo 

i I I I I I I I I 

OOOOOOOOO 

o 
IN 

f-«rHr<((MC«»«««»»«0 
• •••••»•• 

iftlM^^rtOI**-*© 

o 
I I I I I I I I 
ooooooooo 
ooooooooo 

M<«<*l«>Ä^-800*O 
OOOOOOOO«-« 



r 

NAVOED Keport kh25 

I    I     I    I    I    t     I 

ooooooooo 

I 

I 
(M 

1A 

I I  I  I  I  I   I  1  I 

ooooooooo 

^■0»(<\«»0Bc<»r~«MO •  •••*.•   ••   • 
^•t»>(«\tMOOO>>0 

! i 1 I f e I < I o ooooooooo 
o     ooooooooo 

•   •••••••• 

t 
■*       OOOOOOOOO 

:  



( 

mvOBD Beport hh2^ 

) 

eO<Or->or»-if\<o-*rO 
roc^ro rot^ir*^ (<^<<lc•,^ 

O to tN  ■O o <0 r* cr\ O* 

000>-tO'-lr-<(\J(M 
ooooooooo 

m 

I    I    I    i    i    i    I    I    I 

o r\j f^ ^- o vO iC ^H -* 
O4^L0 r*- oo o to a* 00 
OOOOOOOOO 

• •••••••• 
r--r»>Oin(»itMi-<oo 
'Ooo^'fi-ieoifto 

« .ft- 

I I I I I I t I I 
»  ooooooooo 
o  ooooooooo 

• •• ••• ••• 

IM 

r-j c<l * u-\ »ö r- oo o O 
OOOOOOOOf-) 



MAVOKD Report hk25 

» 

vntnrvrgrMOOOO 

ooooooooo 

I I I i I I I I I 

r-tP'i-trHOr^OOOin 

0000>-"—irH—'—( 

00O'-i'>it*\ii>^>00O • •••••••• 

I i I I I I I I I 
O   OOOOOOOOO 
o  ooooooooo 

• •••••••• 
•♦■*•♦•♦■*-*.*•♦■«• 

t 
(Mro<#in<ar~aooo 
OOOOOOOOr-t 



NAVORD Beport kk25 

") 

OOinOOiAMCOO 

■-•fM-*iAr-Ovo>Hrg 
OOOOOO^t-tr-t 

: 

u. 

o 

CM 

i     I     i     I     i     •     I     I     I 

OOOr-<^H>Hr-<fMr>l 

r-rgr-fMf-rvir'fMo 
•   ••••■••• 

11)111111 ooooooooo ooooooooo •   •••••••• 
mirtirtiAiTimmmin 

cMm-a-m^r-oooto 
OOOOOOOOr-l 

; 



-' 

NAVOED Eeport hk25 

0000•-''-•,_,,~,,_, 

I 1  I I I  I I  I  I 
<7v >*•«>-* -4" cj -+ fO sO 

o 

•  •••••••• 
^> -*■ rj (M O r- a» ro O 

t     I    I     i     I     t     I     I     • ooooooooo 
ooooooooo 
•   •••••••• 

m 
(N4 

OOOOOOOO--« 

/ 



NAVORD Eeport ^425 

tMrg<MfNfMfMry(MfM 

^rH^O^OOtMi-IOeO 

O O   O-t  r* r4 rt r*  tSI 

I       I       I      I      I      I      t      I      1 

^ o -r o m vO CA (N, .-. 

I I I I I I I I I «* ooooooooo 
o  ooooooooo 

••• 
IM 

ooooooooo 

. 



mVOKD Report Wf25 

pril>-0Oif\»>r-4'-''-*> 

I 

I 

II llilll 

v0i-<0<»>oor>jw>0-* 

{M ••••••••• 

« • I « • ' 1 ' • ^       OOOOOOOOO 
O       OOCOOOOOO 

OOQOOOCOCOOOQOOOQO 

t 
r-t       r>JCl-«-ift'Ot-<«><*0 
^       OOOOOOOOf« 



NAVOKD Report hh25 

) 

iAO-4"Ofnr«-0(*>f~- 

I I I  I I i I I I 

CO 

.  - 
•   •••••••• 

I  I I I I  I  I I i 
^  OOOOOOOOO 
O  OOOOOOOOO 

• •••••••• 

rg<,f>'4-ir»<Of~000>O 
oooooooo.-^ 

) 



I 

NA.VOKD Beport hk2^ 

) 

OJfMf>JtMOJt>|fMCM{NJ 

» 
ir> 

o,_i,H<M(Mr0  c^r"* 

I    I    I     I    ■    >■    >   X 
r* fr, r* r~ ir\ *0 t StS 
co ~o -r --i =0 -<■ o<orsi 

•  •••••   ••• 

I I I I I t 1 ' ' 
O 600OOO OOO 
O   OOOOOOOOO 

• ••••■ ••• 
OOOOOOOOO 
r* r* ,* r-l ~> **  f*t*r* 

t 
000000 oo-< 



MVORD Eeport 4425 

> 

-a--*—••omtM-j-pjiA 

D ^   O iA   lA  Xv   ir\  lA   --i 
(VJfMfMPMtMtNifMrMt-l 

rMO^OOr-iO^Orl 

O 

I   I    I   i    t   I    I    I   I 
ao09>f-Hoeo>oooeo 

O r^- a? r- ^><4*rg9tr^ 

oo^vOr-iiA^o—lino •  •••••••• 
J 

» 

o 

CM 

I     I     I     I     I    I     I     I    I ooooooooo ooooooooo •   •••••••• 

OOOOOOOOrl 

} 



NAVORD Report hk25 

I    I    I    1    I    I   I    I    I 

<»> ••••••••• 

I 

r-lf>J<>4'*<-*-*,'A,0 

o 
{  |  I   1  1   1  1  1  1 ooooooooo ooooooooo 
• •••••••• 

f-l <M(«>-*-lO>Of-<0<»>0 oooooooo--* 
fSI 



i 

NAVORD Report kk25 

D 

?: r^   O 09 CO  * f«! «O ^ 

I    i '  I  ! iJ> 00 oo f~ •♦ o 

(M 

OMr«vno(Mco«;*t^ 

^•^•>-<«A00«Okfr>O 
 • 

D 

o 

11    I   I   I   I   t   I   I ooooooooo ooooooooo 

I#       o O Oi o o O O O r-« 



r -äU 

MVOKD Report ^425 

Or-ti-ltNIfMC^t^^m 

I    I    I    I    I    I    I    I    I 

■Or~oooo!>o<M<^ 

■ •••••••• 

■♦l-|f>-^r-<h.^OO 

I i I I I I I I i 
O«   OOOOOOOOO 
o  ooooooooo • -••••••• 

cooocoooaoaocsaoco 

I fM 

r<((»»^ir><0»^ooo«o 
OOOOOOOOPH 



' 

NA.VOBD Report 4425 

) 

(MfMtMfNjrsir>jfM(Mr< 

^■r-mr-oor^f-O 

11111111' 

r<\       ••••••••• 

in     incMOO>nf\«<oiftr^o 

3 

o 
a  i a   i i  i i  i   i ooooooooo 
ooooooooo 
cococococooocooooo 

•♦       OOOOOOOO»-« 



NA.VOED Keport hk2^ 

(^(M(MrMCMr>J(M(M(M 

I 

I in 

i   i   i  i  i   i   i  > JL 
oor>-tvj<M-*'>Ofri-»'0 

<X)O'MT»O<*,>00OO 
•    •••••••* 

o 

i  i  iii  i  »JLJL ooooooooo 
ooooooooo 
• ••■•••** 
ooooooooo 

I 
4 oooooooo--« 



I 

M 
O       > 
IM        f 

o     o 
O       «O 

g       o« 
•      o 
C        N> 

o 

^31^^ ^.JOdsa OHOAVM 



p      * 

O       O 
©       « 

h   2 

o 

■1 

J : 

Ss+rir diodes däOAVK 



-' 

MVOED Report kk&S 

o 

in 

o 

O 

CO 

O 
O 

o o 
o 

t •♦     o 
rg 



»       mm 

MVORD Beport kk25 

« 
m 
• 

i 
00 
^ 
<n 
• 

s 
♦ 
N • 
r-t 

-*■ f^ 
o • 

r~ 
vO m 

ir\ 

o o o o 
• 

fN 
ri 

<-< rg 
■» o 
fSJ 

D 

) 

D 



i 

NAVOKD Eeport  1+^25 

CO 

o       • 
o 

•O        CO 

o>     o 
o       CO 

m 

I ♦     o 



MVOED Report 4425 

1 

.n 
-*• 
•* 
o 
• 

o 
rri 
(7> 
O 
• 

•o o 
o • 

o 
•* o 

•o 

o> a 
o o 

« 
CM 

»-« (M 
•»• O 
M 

! 



' - J 

NAVORD Beport hh2^ 

i 

>H(M^N(^lO>(^^-oo^oor~^n^g-^f-((^J 

I I ) I I 1 i I I I i I 

fM(Mrs4f-«OQO'-iOOr<jfr»i/^>Or>-ao 
oooooooooooooooo 

i 
I I I I I I I I 

OOOOOOOOOOOOOOO-H 

—«  oooooooooooooooo o  •••••••••••••••• 

t t I I t I I I 
O   OOOOOOOOINOOOOOOO 
—t      OOoooivj-^r^Otft-ifiNO^i^inrgo 

OtA-^'d't^rMr-ir-i        r-i (NJ rsi .<-. -^ in iA 

t 
»-<      r-tcMm-^m^r^coorHr^cn^^tor* 
■# 00000000<-l'-<i-l>-lr-4>-4r-lr-< 



NAVORD Beport hk25 

-4-if>ot^>0<0^>»»cor-to4>in>ocoi-ieO'-«>-<>-<<o*> 

(MfMfMfNjrgt'lr^Or^-i-^rvi-S-cotMrsitMrgrgfvjcvjrM 

1        1 I   I    I   I   C    I    I   I    t 

r-iC-v0 4-<S-(>4OOOOf,<»lXOOfM'*i^'k-00OOO 
•-^000OO00O0O0000OOO0'-•■-•'-, 

L     •    1     1    >      •     L    L 1    •      • _^ o,r-.« 

^HrHrHOOOOOOOOOOOOOOO--«—''"<'-< 

o 
oooooooooooooooooooooo 

oooooooooooooooooooooo 
oo,'*'ooo(riin<JOOi>iif><'»<-'Or--ifOOif>omo 

OOOi^mm^-fOtNjrg'-» i-<i-irsit«i-itir><Oooo>o 

rH ^fM{*\^iA<ör^000>O'-<<T»-*<r>^>f^<;0W>Or-<OJC<> 
•♦     ooooooooo^•-••-<•-<'-«-<'-4•-'•-,f>'p,Jf^fN, 

> 



I 

NA.VOED Report hk25 

P>(<»>f>Clc<»fO<»ir<>t»>cO(M>0-*rkJr-i<\ifr>f'\(<>-i-4- 

J 9   1    I    I    I    I 
•«,0»aOtf><N^-t<»r-teoOvOroi>-'0(Mi-it-ir~sOO-*' 
4-<-(f»'fMir>OOcn*fO'*f«-f-i^-ao-*'(M(MrriO>0 
0^if>rO<Nrsji-i O"-«  OOO'HOi-t-S'fM  0'-<OOINI 
ooooooooooooooooooooo 

I 

I 

I  I   I   I   I   t   I  I   I   I 
lnl/^<öoOf^J^>lA'-<^f<^^<^J'*•^"00^-^ln^~'Ö>0* 

f-t^OOOOOOOOOOOOOOOOOOO 

o 
o o o o o O o o o o o o o o o o o o o o o 
<o <o <o <o <o 
(N CM CNJ CM IN 
rH *H f-< ^H p-H 

^ «o >o >o 
(M rg cvi (\J 
i-l r^ r-l r-l 

(N 
F-1 1-« rH 

>o «o ^o 
(M (N (NJ 
r-l i-t -H i-t r-« 

I I I  I I  I   I I  i  I 
o     ooooooooooooooooooooo 
i-t        Off>>O>-<O>O00OfMir<(<>Oa0^i-iO>O(N<O0^O 

Ot-->OlOir>0(N<IM<-< .-i<-i(N-4->rviAr--a>ooo 

t 
<-«       •HMfO^-ift^h-oOOOr'i ^■iO<Or»aoO>0>-«iNC«1 
■♦ OOOOOOOOOrHi-<r-<rH^H^^tr^fXr\4rgf>4 

p»; 



MVOED Report hh25 

I   I   1 I   I   t   i   t   I ii) ■  <  i   •   •   ■ 

r-l^<OOOOOOOOOOOOOOrHrH^ 

I 

I 

I t   I   I   I I   i 
<<^ r-4  (*%   O ^ 00 ^* 
cr- 4 *0 *o csi r~ *3- 
lA 0* d ^ O* f*" «O 
[SI .-I   r-4    O O O O 

I I        I 
<nif»ooo>-<flo-*<o^o>o 

O000OO0O>-trHr-«f\< 

o 
ooooooooooooooooooo • •••••••••••••••••• 
<•4■•*■■*■•♦-*■«■*-«••«■■*■*■■♦"*•-*••*"•*■<■•* ooooooooooooooooooo 
ojo»r<l<M{>jr>4t>irxr>jtM(>4CMr>jogrsi(M<Mfv4rg 

I   I   (    I   I    I    I    1   i    I ,. 
OOOOOOOOOOOOOOOOOOO 
O»>-*,OW>»-tr'>>A00Oir>f>>-«^i*,Ov*>OO 

Of^<Oi«\'*-*(rirn<-<»-t      i-if\jrg^l'vor-o>o 

1 
ooooooooo>-«<-«>-< 

•^  IT» ^) f*  «> ^  O 
_ ^ ^. ^-i ^-, ^, r>j 



mVüSD Report hk25 

I 

) 
<»>.-t»-ii-(O-4-'4-'*f>J^>',>60<r''""OOfl0 

I    I   i    I I   I   I   1   I   I 

e0(,>W><t"'HOO<-<'-«fr>'-'OiftC?>i-<>009 
•-•■-HOOOOOOOOOOOO'-t-H'-t 

o 

I  I   I  I I   I   I  I   I _ ^ 
OONOO-OOOt^O^OOOcnt^flCIOPX 

(M(Mr-lr-IOOOOOOOOO.-<>-<<M<^ 

ooooooooooooooooo 
• •••••••••••••••• 
ooooooooooooooooo 

I I I I I I  I t  I OOOOOOOOOOOOOOOOO 

> 

ocp^inotorgr-H I-H cj w in r- «o o 

OOOOOOOOO'^'^-^'-«'-*»^'^'^ 

■■ 



MVOKD Report kh25 

Ä-> lllll 1)11)11 

'-•'-HOOOOOOQOOOOO^.-trviiN 

i 

r- 
3 

I      I     I      I      I     I      I      I     I 

v>'-*if>0-*-r>j'^(Nr--(^-r-<^-rHOOr~m^ 
oiMino-Äir>*(Moo(Mr<^"Ao-*-o^ t^ 
rorg^-.^-iooooOOOOO-H'HrHrvicg 

ooooooooooooooooo o 

I I I S 1 I 1 I I 
o  oooooooooooooooooo 

O f-- O ,» m fN  < —< —<(Mf\)^-lflf^-C0O 

I 000000000'-«>-tr-<r^rHr-4i-lr^r-4 



NÄVOBD Beport hk2^ 

Oir>rMiArMr<-\CT>r-ia<-tr~.   co r<\  -^ r-t r~ -x> 
-ar^o-*orMmpyO(N(MO(^a»cooDro 
rslrHrHOOOOOOOOOOO'-<^<M 

oo 
o 

L1 • ' ' • i i 
^><4^<-l9>>A'4'OO(<><nmO'-IC0<Oiri 

(«^rv^i^HOOOOOOOOOrH-HfM«»» 

ooooooooooooooooo 

222220000oooooooo 

I 1 I i I I I I 
ooooooooooooooooo 

o co vo m m r-i rn rHrHfM^-mr«.«oo 



NA.VOKD Beport kkSJ 

CO *o <1 -O   O  CT> -O  J  Oj <& d\  —i J3 r->  >o <t 

i   i   i  i e  i i ]  i  i 

rgi-HOOOO  0OO00O>-i'-<<^tM 

I 

I 

I    I    I     I    I     I     I    I 
<|■(<^■-|<0^-^-^-^«■m<^^t>-lr^cOO^(«'. o 
<Or-00-a--*cn^-tp-t(<>if>0>0(M©v--i 
c'lfsirM-HOOOOOOO^H'-t'MfxrO 

o»     oooooooooooooooo 
o ••••••••••••••♦• 

11(11111 
OOOOOOOOOOOOOOOO 
OiMf— '-<>0'-ttr><0O00ir\O>0i-t>0O 

ooo^>u>cirgi-i      r-irH<\j^ifir~<X)0 

I 
r-i      ^(Mf^^-iA^^-coo^-trslto-i-iTi^r» 
•#        00000000--<'^'H^-«^^^<rt 
rsi 



NAVORD Report kh25 

o-*(M^-^«-^-rrir>-inm<or~-oeo>or~- 

I    I    I    I    I 

rgc«(^HoooOOOOOOr-«r-ir>jro 

I i   I   I   I   I   r   i 
i^ f* \0 r- O M r» 

(N-Jmr>-r^>0(V|f>JOi-(*0>OfV<r-l^ 
•»•^(VrHrHOOOOOO-H.HfV««*».* 

o     oqoooooooooooooo 

n       •   »   •   I    I   1    I   I 
2     g2 5 o o o o o o o o o o o o o '"■,       OP~,-,,O'-<>A«0Oir»cgom—i<OiNO 

OeOf^vn^-rvi^rt       —> ry ,-c IA -o co o 

r*^!'^-*^'Ot^<oo ^-c f>j (r, w»- in vo r- 
OOOOOOOO'-lr-lr-ti-lr-ir-ti-fr-« 



IIA.VOED Beport kh25 

i 
<öi-«>aff-ir>irio>oocr><>r^^'-'l',>f>jo00 

r-«   <*«   >0 

>      I      >       • 1*1111 

dMr-HOOOOOOOOOOO^'^t''«'» 

t 
♦ (^c>irHOOOOOOooo«-<cgf«>i<»-T 

rH       OOOOOOOOOOOOOOOOOO 

Psirgrg<Mrslf>4<N!NfMoj(Mr>ifM<Mf\<r>j'>4rM 

OOOOOOOOOOOOOOOOOO 
ootn(y,'-*'',<»-^<'>-*fxo*0o<',00'*aNC> 

000>0-*W<N'^'^ ^Hr-trg^iA^tOO 

t 
OOOOOOOO 0'-''-»'^'^'H'-''^,H,~' 

i 



NAVOKD Beport kh2^ 

III I    1   I    I    I    ) 

rfirslfHOOOOOOOO^i-ifXc^-*' 

I    I    I    I    I    I    I    i 

oooooooooooooooo •    ••••»••••••••••• 
ooflOooQOcocoooaoQOQtiGDcoaocoaoao 
OOOOOOOOOOOOOOOO 

I    1    i    I   1   I    I    t 
OOOOOOOOOOOOOOOO 
0<-<ino-#OrM^cg»r>-04flomeao 

0<0<0(ftt«>r-«^t       ^« ^i IN ^t in r- ao o 

3 

t-tpM««»-*'ift<«r-ooo>-<r«j««»'#ift>o 
00000000'-»'^^<-<^«^rH 

) 



! 

NAVORD Report kk25 

00<«>fM0«>OO<»<Mf*-,ö00-it><'ft00<r1 

^ofMOi,~0'-,*>r-o>i-ir-4ak'-<tM!n 

I   III    ) t « I i I 

t-400 0 00000000'-«'-^'-''-1 

I 

I 

«Slr-I^HOOOOOOOOO'H'H'H'-* 

oooooooooooooooo 
• ••••••••••••••• •->        • • 

o  oooooooooooooooo 
^  o<©oino«f'»mooaOir»c^o-<-»-*0 

o <o f^ «A f> (V <-« rl 04 K» lf\ -o «o o 

I 
^cM«o*in'Or-ooo»Ho>i«-*>A>«fw 
00000000«-<^<f-li-«--«r-«fHr-« 



NAVORD Beport 4425 

) 

o»,-*mo>oo-*''rtooi-<<*r--#r- 

III I   I   I   I   I   I 
ooc^eo<•«f-»>(^l♦«-^^-,ö«'*',''-'■♦ 

ooooooooooooooo 

I I I I I I I I 

.-4 00000000000000 

■*       000000300000000 

r~       aOooooiOtaoOcoaOoOaoeocoajoOoO 

;,) 

i i i i i i i i 
o     ooooooooooooooo 
r-i       0*i-(y»0<Ni/\r~0«'0'-<f~'^000 

O »'•'<»-* O OJ «-» ■-I «1 ■» >o f~ o 

f-i ^-<(S4in«-m><»^a>0'-<(Nt»>-*iA'« 
•♦ OOOOOOOO^«-«'^'^«-«'-«'^ 
CM 

■ ] 

i 



NAVOBD Beport hh2^ 

I I       118   111 

oooooooooooooooo 

g;, ,fi -* r~  I-VI IT, fi t<"i »c tM o; CO >« r^l  r^ f" 

I-I0OC>OOOO0<SOOC»0OO 

oooooo oooooooooo 

oooooooooooooooo 

O f- »A •#<»■-« ^ r-« ("K ««» l« <• CO O 

I 
f-^^M^<»■*|ft>•^-ooo^«>^l,<>•*''»•*•,- 
000OO000'-<'-*,-*'^'^'*,r^'^ 



NAVOKD Eeport 4425 

) 

i 

roiftr^.-^.-ioöO'H o >-H o f-i U_l f- to co 
ooooooooooooooooo 

I   I   I   I    »III    i 

•Hf-tOOOOOOOOOOOOOOO 

ooooooooooooooooo 

_  I l I I I I I I I 
o  ooooooooooooooooo 
•H  Or~r-<sO--<tnwroi~iA(«lo^)fNr-fjO 

J 

ooof-in-tf-cvj ,-<.-. ri N m m <o «e o 

OJ 
OOOOOOOOO^t-lr4f-1^4f^r4^ 



mVORD Beport .MJ-25 

I I i i a i 
rr> r- P* o 

oooooooo ss§ o o o o 

I I < « « i i .i-00i-icjCirNir»-Ofv4 

OOOOOOO" 

p>4 ^ O» <>* •"< ^ 
«N O t~ 04 O 
r>4 ff» ■* f^ f*- 

0000000 

000000 000000000 

000000000000000 

O O O O O O Ö 

• ••••••• 
lOO ol «-• •-« 

OOOOOOOO 
OJ  CO  « W   fi O 

r-<   ^1   04   tO   •♦  «A 

t 
OOOOOOOOr-lr^r-<^^^'-' 



1 
mm, 

NAVOED Report hh25 

r~ M> r-< rs a- -. 0\r>-f>-o4'iAr4<i>vA 
■♦o-#M<MiAr» o \n o> ev + •* r-* r- 

III I    I    I    1 

ooooooooooooooo 

I I I I I I I I 

or>o. oooooooooooo 

«  ooooooooooooooo 
^4    ••••••••••••••• 

OJ (N  fN IM  (M !NI   (N<Mrs|CM(N;NJfMr^<M 
r^       r^ (M IN tN (M r« rg rsi f\( .^j r-g w r-j rsi rg 

«    I    I    i    I    I    I     I 
o     ooooooooooooooo 

it\ •«■ c\ r4 ft w* r-t r* tr\ -f \t\ 

•* OOOOOOOO^^r^r-4rH»H.-« 

j 



HA.VOBD Report kk25 

>0 rf\ •<■ C^   fM (M <<>fOrt-*l/\>0'Ätf» 

I 

I     I     I     I 111 

oooooooooooooo 

I I 11 I I I 

oooooooooooooo 

» oooooooooooooo 
rHI    •■•■•••■•••••• 

I I I I I I I 
oooooooooooooo 
OOOaomoOc^rxjcOt^cOCOCOO 

lf>   (*»  {M <-<  rH »H -H  OJ   («>  tf« 

J * 
'S, 

•-<(Nm-rvnsOf~»>oofM(*>*if> 
OOOOOOO O*-**^!^*-*  Ot-4 

/ 



NAVOKD Beport 4425 

) 

f^ lA (Jv oo ^H 00 CO ^- -T r-< O ro -»■  J 

(0(Oc<%^ftnoooO(Nio^^-^f>r^r»4 

I I I I III 
!^ O CO ;*> vO ■*• CO vo ar» !*= •* ff-- O O^ 
iftO O--<(NJt'>O(MC\(M.-HfM>O00 
oooooooooooooo 

o 

i    I     I    t     I     I    I 
fi'Or-H^ooooc^ooootft-s-fnoin 
■*''-t>0'NOO-*rg(\jir>f-' ^ir\r~ 
(N^vO-i-rrirHOO-HCMfOOOoj 
i-tOOOOOOOOOOOOr-l 

oooooooooooooo 
• •■••••••«••«• 

>ONO*0^)^0»ÖOVO^^O^)VOO^) 
(Mrviry((M<N(Mr^rvJ(MfsjcNj(M(\jtM 

•w*f 

I I I i I I I 
OOOOOOOOOOOOOO 
00>oooot,ooot'icnoo^-ff>ff'0>o 

lA O fM •-< v-< >-« .-i IM d m 

.—<rsic»>-4-ir>»ot~-^0'-<r\jro-tf,ir> 
OOOOOOOO'-l'-lr-lr-tr-trH 



NAVOKD Eeport kh25 

f 

I    I    J    I fit 

OOOOOOOOOOOOO-i 

i  I  I  I  I   I   I 

(<1Of»'-*'<'»'-iOOrgc<,<<,00^i* 
^rHOOOOOOOOOOr-^r-« 

f-l  oooooooooooooo 
rvt   •••••••••••••• 

I*-  oooooooooooooo 

I   I   t   I   S   I    I 
ooooooooo ooooo 
o<M'-H'H<0'-<<ou%oirioooo 

IfV ■* f» (M •—• '-I -^ i-t rg o -*• i*% 

I f-.J 

•-i(Mcn-*iA»at-o«o 
ooooooooo 

rH   CM   t«1 •*   »T» 



MVOKD Report hk25 

1 

'  < » i III 
-oooco-a-rH^-^joixjiA—i^i>o 
■Tt^OOOOOtMeOlA^Of^^OOrO 

000 oooooooooo'-i 

III   I  I  I  I 

MrHOOOOOOOOOO^r-H 

r^J   OOOOOOOOOOOOOO 3 

111113   1 
O        OOOOOOOOOOOOOO 
1-1       org^-i^H^o^o-i-Oirvoooo 

1/^ ^ ro rsi r-i r-i 

o-*oirtoooo 

<-< --i ^ («I ^- in 

'-'      '-<'"Jrr»-*-ir»<or^o\0'-Hrjro-*,m 
« 0OOOOO00.-«-t^-l.-lr-l,-( 



' mamm 

NAVOKD Beport hh2': 

II        113   1 

OOOOOOOOi-li-t 

p-1 
N 

I   t   I   I   I 
^lOOOO^SOaOOO^Oif» 

rHrtOOOOOOrHp-l 

oooooooooo 
•    ••■»•••••• 

zc ao ao ao x> aü Xi 'Xi X   aj 

i  i  I I g oooooooooo 
OO0>i^(r-(NjrgrM(NiO 

in ■* fM '-I -H (M m <}- iA 

I 
r-irsim-d-ir>f-cooO'-< 
OOOOOOOOr-l«-« 



NAVOED Beport kk25 

•    •••••••• 

i i i i i i a i i 

o •    •    •••    •••• 

ooooooooo 
ooooooooo •   •    •••    •••• 
ooaocnoocoaooooooo 

<NJ 
ooooooooo 



1 

MAVOKD Eeport hk2^ 

t 

^H r- o to <r .^ vTv -a 

r-lfN»r\jr>J!MtM(M(M 

I  I 1  1  i 1 I I 
iTs -* 50 »~. S O S •* 

oooooooo 

0» u"\ ^- ■* O Is- f^ el 
•^■«ooo-^Ofsif^n 
Of-<r>j-3"'Of^coo 
OOOOOOOrt D 

rH    (^^'f^OOCOOOOOC?» o    •••••••• 

00   «OflO'.iAfvjoO-a'O 
^-t i-i rj tn o -j- m 

oooooooo 
oooooooo 
■& + ■«■ + ■*•*■*•« 

oooooooo 



NAVOKD Report hh2^ 

» 

ooin o o r~ •*> f^ O 'F' 
O^>0>OOO'-«OO 

I • • • • • JL i, 1 

I 
O 

ooooooooo ooooooooo 
•   •••»•••• 

(NJfSICMCMfvjrvJCJfMPJ 

I 
OOOOOOOOf-« 



mVORD Report ^425 

) 

<Or>i-<iHr-i>o>AOrM 

I I I  I I I I I I 

00<-<<NJfMm(*1.*lA 

•♦OfN^iNrgoor^-in 

o 
aooor-aorgiNirvirsjco •    •••••••    • 

i-ti-tfviwfo-i'inir» 

^     ooooooooo 
r-4 0O0000COGOGOCOGOCO 

miAmu^iniAtnmm 

♦        OOOOOOOO'-i 
(M 



I 

NAVOKD Beport hk2^ 

^ oo r^ <<^ oo r«- oo o tn 
CO-dh-f-inr^OfHO 

fN(M(M(M(\JPg!M<M(M 

i  i ]  i i i  a  i i 
000>>00*OC0P^<-<tM 
o-*ojfMif\ini-(i-io 

OfHt-lPOiNJtO^lAlO 
•    ••••••I* 

in 
o 

ocntneoinrvjrvirHir» 

eoir>fri(\ioo^opr^(M 
Or-t0jr04,-*lA'0t~ 

•   •••••••• 
OO-a^rsjinaOrH«"! 

i-tojMcic^-^inin 

ooooooooo 
ooooooooo 
-«■•*^*^-^--*-*-* 

t OOOOOOOOi-l 



MVOKD Beport hh2^ 

o <f o (V 
-M m 
»M (Nl • • 

J I ^> o 
r«. rM 
»NJ ^M 
-\J <!■ 

00  CO 
o o\ 
00   fSJ 
^ in 

vO lA f) o • • 
Ov o 

X) c o m o 

o o 
o o 
o o 

-*      o o 



NA.VOKD Beport hk2^ 

i 

I    I   I   I    i    1   1   I    I 

ooooo'-<'-i'-i"-i 

OO^-if»-*   ♦ 0* *•> iH 
ow-i v0 -o -T 3D --g -n . r. 

0000'-<'-<>H'H<M 

r- 
O 

oo 

•   •••   ••••• 
^•r^a>(NjinoOi-i4->o 

ooooooooo 
ooooooooo 
\0  -O   -O  --O   vO   'O   -O   O   -u 

(M<n-*iA»0f~-00CT>O 
OOOOOOOOr-l 



MVOKD Report hh25 

r *\ 
o 
(^ 
o 
• 

•o 
o 

o 
o 
•o 

>->    o 
^     o 

n 

X) 

o 



NAVOKD Heport hk2^ 

o 
o 

o 

I 
o 
00 

o 

o 
o 

» 

o 
o 
• 

o 

o 



r 

KAVOKD Report 4425 

o 

iM 

10 
o 

I 

o 

o 
o 

I 
•H        O 
■H        O 

CM 
o 



«^ 

> 

I 

0 &  ** ** i* ♦ Ä Ä 
mmmtmmm f — 

••••«•• 

*<* • i « ••» i 

• ••••••• 

III •   1 
• •* 4 % •» «#*« 

• ••••••« 

•»        •••••••• 
m, tm   »^ 9  a, <k   MÄ 

•••••••• 

4    v ■' - o e a o «» c» 


